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Introduction to Simulation 


?SISUa1| U .1 


Systems Imitate j' Simulate ^l-iiLLoib ol£U^l 

.^1 _j]l 0 ^JM 

o^lc. LljljjJa^)a]l oAA tl^XaC. (JdlLjjJa^ ^jJaj ‘- _ jaJaj]l oAA 

pi 1A'\1 LllljjJa^)i]lJ dl'^^lsi-a]! oift (J^joU ,AjlIaLaj AjjJaljj dl'^^lsi-a 

.Model of the system 

dlla^ilsdl (jj^ LaAic. 


AjjJalj^l l" iV a 1 » /'ll 

.Analytical Model c5-y^' 

plA-^'l.nl ' Waa pi 1 a' ll 4.jail^A Ij^Ajc- (^AjLaxJI La£^ A^x^a pi t^'ll LaAjc- 

.Simulation s'41 


o 


o 


o 


djLat-jjoil^I a^jLoiIj Sirnul3.tion^ 

I^^Ljajj t ] pi 1 a' ll a ^c^Iaj 



Djl^l J Aic. 
al£l=^l 

1 ] 


1 



o^lill Aic. 


ojlall jXjJaj Aic. 

ciiLj jSx> (_jic. 


diU jSxi'l (_jJc. 

ic'-^J 2 ] 


ic^) 2 ] 




oISIaaII 

' ^ ‘ ^ (Jc-lijj dlUj£-a <£. J-"-^ ■" (jc. Ojl^ “Ul-J System ^atJaj]! L^^}*J (jl (j^-aJ 

(_]^j.jj ^jl (j^-aJ 2iliLa3 ^j<a ^5^1 *—S.i^lj ^Uaj]l i_a*^j l 3^*^ AjLaaJl q 

LaUaj ‘'''; (jl (j^-aJ J ‘■‘^ 'J* ■" (j^ LaUaj dlLj \c- _jA^-a 

[J^ 1 ] . j^' Subsystem 

: Discrete j Continuous ^j ^Lki]l o 

_4J1jIj ^y&_5 ^jlilxj Ajixjj Ajc. ^Uaj]! dl^^Lsi-a ^JaiLa]! ^Uaj]! • 

.[J^2"] 

_|^(JliLa 3 ] .0^3^^ ^)^alxiba ^Uaj]l dl^yLalji-a ^J**'*' ^j>Uxiba]i ^Uaj]! • 

^jc. Aiax-a cs^ ^(_)^1 (j-a ^Uaj]! 4jli ^ /'IA'VI /' q 

^ 1 l)-^ (^Uaj]l dl^^Lx^ 
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4.j^Lk (JjLoij plA-x'u.'l 1. _ plA-x'uJ ' 1^ ^Uaj 

;L-alu-ol (_jJj ol£l:a^l ^iLaj ‘- 

^ c^'^' :Dynamic j' Static o 

La ^Uaj (_jc. V _j<aj]l Lai _[^(Jl!La 4 ] *' ''^ ■" dl3j Ajc- La ^Uaj (_jc. 

[^(JliLa 5 ] .o^-li-a AjLa j dllj^ 

j& rStochastic jl Deterministic JJa^i o 

jjoaJl Lai , [^(JliLa ^ J 4^1 jjqiC- t5^i _j-aj]l 

[^(JliLa 7 ] .(^ijjoiC. A^lj (Js'^i C5^ _j-aj]l 

4_4«j Clijila Ale- Cll!^LL>a J;AXJJ ^JalLali ^ ;^Lia-. aUj jaLumII Q 

^)-aiai<a ^Llaj]l dl^4-aLi-a ^J**'*' ^)<aiaba]l ^Uaj]! ' -"'JJ 4jjliia 

_lajLu) LLj La£ t(j-a^l 

Discrete Time Simulation ^iaSiAll k^xal .3 

(JjiLaJ ^ 4_ijau]L ^Uaj]l 4ji.A<aj ^ ^JalLa]! LjA^I 4 ^,~>«al u) O 

• [c' ^••* ^ 4 uu'lllj ^Uaj]! dl'^_j^JLa] 4dlA]l dli^jatMi 

.event Lja^L (j.xj3iW Jalij ajc. ^Uaj]l d'^j^dj dlL_a^)*j o 

(_J-aLi!i]l (j^-aJ 4jLa*Jl oLj^l 4jl '^1 LjAj ^JaiLa]! dAaJl ^Uaj 4^A<aj (j^-aJ 4jl ^aC-^L Q 

CAuil_^^i ^Adld c4]a] pi L<'\1 Ig at.a (J^aLcJJ (_5^i 4.>djJa]i dLa^^Ix^ali 4_i^ ^>a 

[J^S] 


3 



Time- Advance Mechanism SjLJ .1.3 

i^_yi 4jli dlA^I 4^A>u] Aj^^UjA]! Ajc^nJa]! Q 

jj>j dlljjij]! oAIj^ aJI AjA^j lillA^j tol£l.i-a]l ^ j»AiJLaiA]l 

lijA^ 

-V /'\1 Ai-Loi ol£l.i^ ^Uaj A^A-aj] ^A^JIuia]! (J_j^JLa]l (_5C--^ O 

.Simulation Clock 

pAle- (illAj LaLaj sAA^.^ ^yc. /'\1 Ax-LuJ ^A^JIulaII sA^j u) O 

Jj ^jLuixj oA^j jLj^I (_j£-aJj V ] jIulaII aJIc- ^■'~1l»lJ 'AKI ^ /'\1 

l^^ljAajj 3 J ,^Uaj]l dl^'^A.a l1i1^)J*j 

;ol£Li-a]l AjAiJi] A^jJ Q 

^ ^Akiauj :Next even time Advanced • 

,AjA^ CjA^ Ajc- ^ Ax-Loi A)^ ^/sKl ^ /'\1 


J jaJLa a1 jj lLu^ : Fixed increment time advance 6^ j^' 

^_jj]l (j>j Aj^^Li. klL^ Aljlii A£.ljai 


^1 IjjLouj ^ Ax-Loi (J_j^JLa Ca^ ti*-?' ^ ^aIaII CjAiJl aJI ^lAiJLail Aic- Q 

.A-aAll]l dllA^bU AjtS jiall ^LajSfl AjAij tdlA A*J ‘- ^a. ^\1 

A-a^ Ajc. ^ Ai-Loi A..a^ ^Uaill dl'^ jsJLa ^ dlA^ (Jji jj^Ja Aic- Q 

,^Ala]l dlA^bU AjtS jIaII AlxjjSfl ^ t^Aj (j-aj (Jjl 

/'\1 Ax-Loi Cll'^ j^jLa ‘■’’'J Idajl ^ dlAaJl jj^Ja Aic- Q 

1a£a J t<AAla]l dlA^bU Ajii jIaII Aiaj^l ^ lillA^ ^ tAiAj (j-aj A.a^ Aic. 

.dajilll Ja ^)jA j_j^Ja AjlAaJl ^jAiLoU 

[JliLa9 ] 
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Components of Discrete Event diiaJi .2.3 

Simulation 

^ '^) plA-x'u.'l ' '/sKl ^ /'\1 ^Q 

^Lou] dlU^"' ^1 (dlU i^_yi 

1-1-^VI (_Lk^j 11^'^ 


^j3Ui UM^H Cl'^ jiJLa]l ^ j<a-N<a Jlajj iSySteill StcltC O 

, ^ (j>>j -lie- ^Ual]! 

(> jii -2=*^ Jiajj :Simulation Clock o 

" .sl£UJl J, 

Cj-laJl <siJf2a (_ 5 . 1 c- (_ 5 jlaj 'Calli iEvCnt list ^- 1 ^' <-4113 q 
^ Jiiaj cj'ifjaJLa tjfr 0 j\jc. j :Statistical counters cul-il-it o 

^1 «:LLfr)/ 0 >»ljjj :Initialization routine ji o 

.(0 (. 5 ^) «..lJl -lie- dl'^ jsJLall ^l.llj '^1 

Ak j3lA d-iiJl 4 ^ 1 i ^.liCLaij 0^11 jj : Timing routine jj o 

^jLoba 4£-Lai (J^ U^J dl-l^l 

,.1 j.1 ^I d.1^1 dj.1^ 


-lit ^Lkill d'lfjada ^ tij-1^ : Event routine t-i-i^l ^-alijj o 

(J^ . 1^1 J 0-alj^ ol£l.i-a ^Uaj ^1 La d-l^ 

0^1jj 0jl^ :Library routines o 

n 1 ^1 -N- aW p i ^ aU 4_iji ^s^iT - p .2-il^^jj 

dl.il.ixll ^dcdj 0>»Lijj (jfr J :Report generator j^j'^' o 

.si£i^i ^Lki jjjliili A^m A^i^y\ 

a jbl jfr Jj>^l j^l 0^11 jJl jAJ :Main program J^' 0^'-'o 

'll^l ^ /'ll f,L^lj ^jlijll jl^Jal ^ (j-s_S ‘ Sl£l^l ^Lkl 
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_^Ja£La]l FlOW COntfOl (J^jill Q 
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Building a simulation model fIL .4 

^Lkj ^Lkj 0jl^ (_5jj tjl ^Lkj :Environment • 


_U j^ Aialoui tjj£j tjl A^li :Interdependency • 

ij\ ^Lkj :Sub-system j^dl ^Lki]l • 

(J£jij 4.AJala dlUj£-a ^ (jc- ojl^ 'Udaj'^l (J£ iOrgUIliZcltion • 

ol£l:a^ (jc- ^ (jli ^Uaj 'AKI ^ ^Uaj f.Uj Ajc- Q 

^ <* aV'-^ /' (Jjj^lijj dlljjljaba .He- 

(J£j.jj] ^^aV'S. /' C1 iIjj1ul« Ajc. 4.aiik>j ^ /'IA'I 4j^A<aj ^ ^ (J£j.l]l ;j^ O 

AJ 



ojbj ^jA ;3- 
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: ^ ^ ^La.S/1 CjI jkiJl o) o 




AjuiLo]! Auj^LuiVi ciil^^In^l * 4 - 
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Simulation methodology SISIaaH .5 


i (JliLa ^Uaj «.lij AjuiaJl o^)aaJl (j^niu 

.Single Server Queuing j 


l_jj^ 4j| ^ ^/' p ^Uaj] $.L1 j l-iji 

(_Jja*jj ^ '/sAA^ /' Ajixjj o^jja] (_J-a*j 4 JI (J£ ^jl ‘M ell'll Aj 3 (_l<a*j ^ik^axj 

(_jc. (Jjjjoixj Jais (_J-alc- (_jc. L_aSjij 

^aij cJ^ (j^ jii S\l-i» /' 4j^l du^kJj ^\l-i» /'\1 dl'^^1 

^)]allil S \l.i» /'\1 dl'^^l (^^ 4 ^ ‘FIFO (JJaxIball Ia^ L3^_S 

1 ^ IAjjA (_5^ ‘_a>^ll 

;4jll'ili (_1 a*J1 SjjA *—s^1 cs^H\ t> ^1 Jiiilbj 


- 

-1 




<< -► ◄-► 




ciL-all 


.(_^LuiVi y'i/l (Jac- ojjA ;5- 


ujlixall 

_(_Ja*J 1 (_jc. dl'^'^l L_asjJ (j-sj AjAaj] ol£La.>j ^Uaj f.Lij 
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:J^I 




.^.IxJ ^UaiJ J^alc- cJ-aC- A-iJjij 


Cl^VVl 


(J-alc- 



(Jlaxj *^- 


‘Unit time j c>«j u' (j^j^ 

^Ajixjj dllA^j (_jjiA^ (_5 jLu)Jj dljlii U^jl (j-aj U^ 


[c^l 10 ] 
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U jj^ events i^j'^i ojiaiJl 

event-grave CjUaLi-xj ^l-ikioilj JjiLaj o^-aj 

^ ti.nl ^ .iSjJLj (Jjk^ajj a,^^C- (_jc. ojL^ dlA^ (J£ (_&xjj ‘■'~'J~»- 

.^Lk^i ^ Jiini 

[Jlla 10 ] 


.^Uaii] ojjiia]! iijl.1^'^1 ^ a.^'l ^^^1 dl'^jsJLa ^ ^lii]l a jixiJl 

(_^ljai]l il 1 a' ll d'^^y*J ^jl (j^-aJ il IA'11 ^.l^l AjAd 4ii]lii]l 0^jJaiJl 


,J.'A\ 

[c^l 11 ] 


lUJ'"C (1^"^ 

[^Idajj 12 ] *■ a *- ^ 4 j^l (Jia*j -1 

13 ] .j'-^'^' ‘-^ 
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jiJLa ^Ljaj 4-1^ ^j^LoJl (j^.laJl • 

dl^'^1 f.lgjjlj dj^ diSj dljjij jLouj (_3^^ t5^1j d*^ 

;aia^\ 

(J(^1 (J^ 4£.Lai (J~1 a-^‘wh 1 ^d L_S• 

jd (_5^1 *' 4£.Lal (J_jdLa ^dduJ L_a_jjal Ld • 

ffl ^dluiJ ^Loi (JjdLa tn+\ C5^j 4jli ^1 ffi Uj^ (jld lij (_5j • 

^j-a j (J_jdLa ^ddij Lad ^j>j 4j| (J£ (_}ja*j (j-a j ‘- a. J^jdLa 

.^1 aJ 

dljdla jLaL« master clock 4£.Lai JjdLa ^Iddul tilled • 

.sddJl 
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ell'll ol£l:a-xj 

C^'J CL3 J CL2 ‘CLl o' • 

_dl^il!i]l dl'^^1 (_Jia*j (j>»j ‘- ‘ 

_(3L4 _j& 4iLui]l dl'^^1 AiJl i- '»‘(Jo' * 

.MC ax-LoJI (J_j^JLa o'j * 

_4^1j (J^jljJl O'^ '\' '^ ‘- ‘ '~'^ R (J_j^JLa]l O'j * 

t(3Ll = l ‘‘LS^ (JUaC-Sfl AjjI.Uj'^I Jaj^)2a]l O' • 

A^j CjI^j (_>L<iik jA 0^1 j]l o^j o'j ‘CL3=9 J CL2=4, 

^lajLoi Lj^ La£ Aji/jj CIiIa^j ^yiiC. jA O^j u'j 


.Lj^ ^Uaj]! ol£l:a^ ; S ,(JjJ^) 


^IxJl ^La 

MC 

CL4 

CL3 

CL2 

CLl 

n 


A^lj 

0 

- 

9 

4 

1 

0 

1 


1 

6 

9 

4 

- 

1 

2 

j^^JUaba 

4 

6 

9 

- 

- 

2 

3 


6 

11 

9 

- 

16 

1 

4 

(J^auu^ 

9 

11 

- 

- 

16 

2 

5 

(J^^JUaba 

11 

16 

- 

21 

16 

1 

6 

(J^^JUaba 

16 

21 

26 

21 

- 

1 

7 


.[C^] 15]‘[c^) 14] 
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(J£jai]l (j^ jljoba]! ^Ic. 4jl1 ^al.laJLailj ^Uaill ol£l:a-xj ^ 

, JjjLui]) Jaia^^l 



dlVVi ^1^1 -V a\ UU-v a •JJ^ 


[c^l 16 ] 
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[C^l 1 ] 

(_jc. 1» '. ^^Axj ^jl (_)^^)!iaj] tol^Li^l ~1 a-^‘wh 1 (Jl!La£ 

^_^Ja*J L_a_jjai ^joi^jl (j-a *'■" ^'.^/'\1 ojl^j (_jjili^ U^J 
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o'^l jl ^1^1 .T'l 

[Jll« 1 ] 

(JojIA jj (_j^^)jLa]l ^jjLaLsJl td]ij L_S^jjk^axj ^IJaj ^illLaS 

^Uaj (_jc. ojL^ ^Uallli _dll^jj.l]l (Jjjk^aiJ ji L_a^)jk^ ^.1^ C5^ 

• 'C -"J '_1x^1 1 a‘''/'\1 ^Lj^I j 


Ajc. L_ajuia]l (jjLj^l Jjijj ^ 


[lJ1^2] 

^uaj '_a^jjk^axj ^Lj^l ^Uaj 

(jjjj (j-« «.l§jj'^l Aic. jl UJ^j 


^'a*' ■" >1J^ ^y'»j 


[Jl^3 ] 

^)-aiai<i iJ^j^ (^fl^Ua]! ^ J^J ^Uaill dl^iLalji-a ^)<aiaixj ^Uaj _jf''’j! o^Ua]! ^Uaj 

.Cy j^' ^ 


[c^l 3 ] 

(_Jx<aaj IaAjc. Jaj^)jai]l ^);}*j (J^ AjLaaJl 0jlli]lj ^lljj ^Uall] AjIarJI ^llj (j^ 

^Ij^Lk^allSl 4.al£>j 4i^jJa]l oAA ^jl '^j .^Uail] C5^ 


(j^jjJa Alajoil_jj ^_j>j f.1 _j^l 4^^)^ 


LS^ * <- J 

Ajoilj^ ^iliLa^ _j<aj (j^ 4jjlia (_^J 

_(_)jlLa]l (_^jJalj^l _j<aj]l (j^J 
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[c^l 5 ] 


'AKI -V /'\l pi' jl tljj^ AjjJalj^l 0jlli]l (JjLai liUij t(_jjJalj^l jJj (_5A<a Ajoilj^ 

_' ■" (_]jlij]l (j_j^ LaAlc- 


[J^4] 

.Monte Carlo 


[Jl^5 ] 

1^3 i _Sjlxjll pUaj 

[J^6] 

.^5jU£] 1 Sl£l^l pLkj 


[Jl^7] 

A-aAi. pUaj 


[c'^l 6 ] 

A_^^ Jalii] A Uiilllj pi 1 a' ll dl'^^J**'*' 1 


[Jll«8] 

(_jjlj^l A^lj f(_jjlj^l A-aAi. pUaj ol£Li-a 1-ijj 

^j33 (_^j<a^l (_3jti]l^ jUajj'^l A^^yLLaiJ ^ _ '1 “'^ t(jJ^)lalli<a]l 

|_J pi IA'11 d'^_j^dj .IjAd _(^AJ^iLiJlj A^ Id (_5i]l ^•^*'."11 ^1 

^ Jj^JLall .idj .busy J^ ‘idle jA cJa (pd».-a]l) (j^iLaJl aJL^. 

^jJaojj jl (^(J_j3Lda (j_j^ LaAic-^ Ij^)j.jL^ '~-®^Ja ^^)x-a 

.(^'^^jida LaAjc.^ i a.^11 

^jjk^aJ I S _jjai p ''A /'ll IaI La (J_jdLa]l .idj .i a. ^11 ^jj^jjadall 

.1_dall ^)]alLa (Jji t5^ ‘tJ3*-*^ 

C5^ (j_jJ^l jUajjl (j-aj ^^)x-a (J_jdLa]l 1 a& U^j 

.i- a.^11 

.^j_jj^l ^Aij (j-a s-l^jj'^lj ^1 fJ-^ LaAj tpUalll 1 a^ (j^A^ -^JtJ 
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[c^l 7 ] 

4jti£ 


[c^l 8 ] 


O^jiiaU U:J^_S ol^Li^l (j-a j U:J^ jj dl'^LiJl ■" 

u.'l ^_Pc. s.1^ «.ljj| 'AKI ~v /'\1 


[c^l 9 ] 

^ (Next even time Advanced (»-^'^' ^') j'^' lJ 

, J^jLdl lift I—sJJOl (_5^1 ^ /'\1 

[Jlla9 ] 

I [(JliLa A J ^Uaj] ^Uaj]! dl'^(j^l 

^j i ^j jjjjli t>Jj JiaJ :ti • 

(^j i-l ^j ijj^jW J i J uj^j^' a^j^' tjj^ <-]^ :A,=tr^i-i • 

_(jLLlj'^l QAj tjj^) i (_3!iLaJl a1 jilou :Si • 

^‘VajAij ^ai cAj) '_ i ''^^‘''" i-D; * 

<-^J t>j) i ujjj^' t> f j^' (>j^' :Ci-ti+Di+Si • 

.i jj^ (>j [Ci • 

‘Vaj^ _JJ^ (J_S^^ (j^9j (JC5^ '^liLa l}^ ‘ 

C5^9 .j_J*-‘^ (j_J^ ‘- . 

j )ATn j f2 (j-ajJl Aic. tA9 cA Jj*-^ (jj^ i—Li^l 

1-dj C\ (J^jida (j_5^ '_IxAl 

‘Aj '_ixAl jUaiul (j>»j 



0 h 


ti Cl t3 


C2 


V. 



V. 



As 


-► 

Time 




5i 






S2 
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[c^l 10 ] 


(_gjLaLLa (J-aC. (j-aj U^ ’'j'^^'^' ^Lula]! (_jj)J^ ^jl (j^-aJ 

jC. .J^J 


[lX^ 10 ] 

(J£j.l]l (_33 j t- ^Uall lIjIa^'^I ■« (JlLaj ^1 



[C^j 11] 

;U]l!La 

(_]]axj ^ pi 1A'\1 Ja^^)La]l p^ -"^l dlA^I jj] 

S \l-i» /'ll dl'^^l ^ j_^l_ui]l dlA^I i- ~»‘ ^‘1 pi IA'11 JLai 
a _Lk^l di'^i (_5j LjLuuj Sll-i» /'ll di'^^l (jli fi—0 tj^ 1\1 • 

.^ij j, cUi^j 

(_J.<ilc. t'_Ix^ail ^jJajjj dl'^^l jJ S\l-i» /' o.l^lj 4 JI jJ 4jli fl—\ tj^ * 

.W1 c>u 

pjL (_lalc.j (j:^ L_ajuia]lj jLi''"' 4 JI fl-\ Jj W>1 1^ • 

.m«-a]l JjSfl a}^\ 
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:J\^\ 





^jj (Ja 





9 





[c^l 15 ] 


(_33j ^jJajl ^Uaj]l i _ix^jJ ^ji 



◄-► 


[^L^j 16 ] 

(jc. 0 j 111]1 ^ /'j o.ljillj ^jSjj ^3jLjai]l /'\1 (_3^:aj 0-alj^ tJUa]l (_3Jc- 

Jaj^)ji]lj dl'^_j^JLa]l (j-a ^ aVi-^ /' 


20 


























^ji ^ dl'^^1 ^Luuj ^Uaj ^ji (_J& 

_ jjiia (j-a j 

.jb^'^l (j^ ^1 ^aJU (A 

.jl^'^1 iiklj ^ (B 


^ji jLj^'^l .liii ^ ^ik^axj dl'^^1 aJLuuj ^Uaj ^ji ’'a''**' (_J& -2 

_dljlj (J-aC. (j-aj 

jb^'^l (j^ ^1 ^aJU (A 

.jl^'^1 2;^ IkL ^ (B 


_^ik^a<a Cll'^^1 aJLouj ol^Li^l ^Uaj (JLaC- La -3 

.JLaC- Lj!;!Li (A 

.uM^ (B 
.^1J t>L^ (C 
S \li» /'\1 dl'^^l I_boi^ ^)JxlLa (D 


_^ik^a<a dl'^^1 ,A<aJx>a]l ^Uaj]! _j&La -4 

.HFO ji S/ ji (A 

j»>^! dlSj ^j ^LiaL 4j^l (B 

.LIFO '>' S/ j\ (C 

.^^Ijjic. (J£j^ (D 
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^Lula 

^j_jjj p ''•^ ■" ^Uaj] ol^Li-a «.l^)^lj t_Jj£i -1 

.Ijili]! JJ^J (J^ jj^Ja Ajc. ^U]l CjL^^P-a]! 4£.ljjaj 

^1 oi£La^l ^Uaj tji ^ .Master clock 20 <<a^' ^^\ 

'AKI ~v /'\1 jjc, dbaS 

/'\1 .i.ic, jj) i.-n^_' L aj.^/' ^ UJ^j ^Uaj] ol£l:a-<a ^Uaj .liijlj ^ -2 

(JljjaJl La£ ^Uali] ^ ^ 2 jJ-" 

/' ljj.l] LSJ^ LaAjc. (_^Lal]l (Jl^joJl -3 
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Basic Probability and Statistics 


Ai^ajLa .1 

■" ^llllluil (J^-^ Ja^ O 

al£La^l ^Uaj ^llaj i(_$jluball ^^Ic- ^J.'j “'' ^l^aJiuilj Jalxa^l ^ 

_j]l Jj AjjLk^a^j j AjjI_ jjaiC. dl'^(j-a •kc- ■" 

^ U^J (^Uail] L_S^)jk^aj]| alSLa^ dl$.lx<a^'^lj dl'^LaJ^'^l ^Ia-x'uhI ^)\iLa3 Q 

tAjf.li£j Aj^( j>j 

dl'^ jadi] A'^Vl ^jjj]l ^Ij jldk*^ t-'l/-.l .^^yij i-'Vl A'^Vl ^l.liJLail ^ jl o 
4j^)aa]l pJ■"‘ j ^Uaj]l ^jllj (JjLaJi] ji lift 4dljjic- d*^jadj ^jj] jl 

.Sl£l^l Ual£]l A^l 

Aai*ia]lj AjjI^ jdJl d'^LaJ^'^l ^jc- AjjaiLui'^1 (_)daj lift (_)^^}*iaij L_a_jjau 


^1 j.1^1 CjVj'vIaII .2 

j^ J o^d>^ j^ uj^ j' kAac. IgJlj experiment ‘-^j*j o 

.LaLaJ 

t5' -J ^-5 3^j:)j Sample Space «.Ljaa]lj Alaia^l ^jldll ^ j <a -> <a J^jd o 

_[^(JliLa 2 ] [(Ji^ 1 ] .** JaliilLj ^jld (J>»» J (_5-'«jd Lad 

Aia^ u^j'^ j' CP 'O'^ ‘'-'W Random Variable Jjdidl dj*^ o 

t[(Jl!La 3 ] .iS f-Ldall (jA 4 }-»Vu +00 J 00- (j^ jjx^-\A (_5l 

.[c^l 1 ] 

X JjdLai] distribution function F(x) (^Lua.'^l ^ jjj dj*^ o 

La£ AdlaJl 

F(x) = P(X<x) for-oo<x<oo 
.[^Ldj 2 ] .{X<x} dA^L JLadl > P(V^) 
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jfr ajLc. aIj Discreet Random Variable i-ajxj 

Aklj [(J^^ 4 ] ...‘JC 2 ‘-Tl jjiadl ^\^jj'^\ (_j-a Ac. j-a^-a 


O 


O 


p(x^) = P(X <x.) fori = l,2,...^ 2]p(x,.) = l 

!'=1 

:u'^ ‘‘a<b b j a I—[a,b^ o 


P{X^I)= XpU,) 


a<Xi<b 


(_^j (_5jljaiJ / ^ ^ ^ <a Tn J j^'i ^a l l (ji JLali.1 f^\ _«.ljli.'^l 3 4. 

.a<Xi<\) Cy^ 0 Xi 5^^ p{xd 

u) O 

^■w=Z p(x -) for all - 00 < X < 00 


x,.<x 


Probability Density Function JUia.VI ^jU .3 

‘ [ J^4<a 5 ] (=>^1 (j-a (j^«aj _jj.lc. J_j^JLa Ijj^ 'Cjl O 

y(x) ^Ij lij Continuous J-a^aa-a 4jlj ^LoJl <C. ^^Tl<ali X Jjoiajl 


R(V e 5) = I / (x)dx and | / (x)dx = 1 

B 


^ i-'Vi (jc. ^jjj yCr) (_g»jau 

[^Ljajj 3 ] .X ^-aioixi]! J 


O 
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[Jllab] 






Generating Random Numbers jIjc-VI JjIjj .4 

;!il!Laa tdllajfLj]! (j-a jjiaJl o 

A^lO 
_dll^ jjlo«.li£ (_j<a AjjI^ l^iJLail (j^-aJ O 

$.1^1 dl'^L^I '/sKl ^ A 4^1 jjgiaJl '/sKl ^ Q 

(_J<alc. ^_jj (_J<aji>i]l ell'll '^llLa (_^Lui]l ljjJa^)*iail ^ O 

oLj^l tClulii ' ‘ '-‘^ (j-aj_S dulii (J^iC. (j-aj U tA^lj 

ol£Li^ Cy^ t(_i 2 aaJl 4jijjJaj ^_jj] Isii ^^aiiLa (_i<a*Jl J U^j AjLaaJl 

_4jj|C5-^ *■ ^ 

ji 4 - 1 ^ 4-1 jilia (JLal^l ^ jjJ ; ol£l:a->j ^Uaj ^1 jjiaJl O 

unl ->.\1 ^Ia^JLoiIj 4 /'IA *''/'\1 4^1 ^jj (_3^>3a (, 5 -^ L_S^)9cj]l 

Pseudo-Random Numbers ^Ij^l jIjcVI .1.4 

^ jjj C 5 ^^J jjgiaJl ;j-a 4jjaAjai ^ajlj ^Ij jjic- 4aya->.\l ^ O 

(_jju] 1 a& j ^iliLa 4aA.^\l ^i>»->. /" y ‘^ lift 1 ^ _La (JLaJ^l 

(j-ajJa La (JLal^l 4j ^ya ^jl t4jjaiLai]l (j^jjJa 4j 

_ AA->. /'\1 J /'\1 

1 _J 1 j • (j^ ojjjuiai^lj pL''*'/' ^jjJ ^Li ^1 jjiaJl (_ 5 -AjaLiJ o 

^jj^ cs' 2 ^ (^'j ,_ 5 . 4 xaj Ll^ ‘Random Numbers 

.Random Variates ^^'^S/L 

t(j>jU_?^ Lf^J jjijdl .il.ic.'^l jj 1^ .iLuc-l O 

^ Li.n ^1 dlUL^I ^L‘'S.l ^ j La'l ..' y .^4xJI ‘- .'' “'^ ls^ .A^alxll eii^ 

I^^Ljajj 4 ]‘ [(jy^ 7 ] jj] (j-a 

Congruntial 4 jLUaj]l ^^>ia (^^ic- A^aiLi (jjjia ^j41 t-Jjoil^ u) o 

l^L L*' 0-al^>41 44 sy.il.ic.'^l ^jl L-iiz-.i .^>.yi jjj L'i Lii^ Method 

_4ijl^) 4^1 jjixJi i^^Sl lillL] Ljjy jjic. 
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Congruential methods jjiail .2.4 

tAjjliij ^jJ (_5-ic- Aj^jUalJl ,A<iUxj Q 

[^Lu^j 5 ] QM aJjoAjoi ^ 

dljll^l lij jjic. IAjLj^I jjic. j^ o^A aJjoAjoi AijiaJl O 

[^Lu^j 6 ] 4j^Li. Cllljljli.1 

:^l:i]l ^jlj£i]l ^ Al,J^\ aiA o 

X =ax. + c(mod m) 

. [J^ 8 ] . [^'^) 7 ] m <-c <-a ‘X/ 

AjjI^ gjgiC- dboiJj A^l^gjgiC- 4.^ 0 ^^jl [Jl^ 8 ] (j' ' JllLa]! ^j-a O 

^jl (j^-aJ [^1 >>ijj 8 ] ojj^ (jlj .laj LaLaj 

. [^Ljajj 9 ] . ^aV'-^ /' ^ jLjlkl (jc. Jjijj 

(_]j.l*J AiLoJl O 

= aXi(vaodm) 

■ [c'^l 10 ] ‘‘fn ‘■a ‘‘Xi 


4 J AjjI dl'^_j^JLa]l ^_j<a ^jli ffl ^^jLoiJ [^Ljajj 8 ] U^ ^4 O 

. Ij^ jj-^' u'^ fn <<a^ l-aK j .Full Period jj-^4 jj-^' C 5 -^ 

Jaj^)ji]l (_3laj ^jl 1-Nj (J.xj 1^1 jj-dl O 

. <i3jlouj (J-alc. La^ (j‘• . C J tn • 

I jl ^ ^:is^ r (3=l(mod r) • 

.4 dlifrldaa m djl£ lij (3=1 (mod 4) • 

.^duAjoill (J-aC. JJjJ 4dldj'^l <<a^ jLiii.1 • 

[Jlla9 ] 

dlljUc. LaAjc. ^llsodl d!iLauai ^iL dj^ >■_ iW'i (_jJj oLlij'^l (■_ 1-Njj q 

JLaAj jl ^_S^ (. 5 I) _jddl ‘- _ '' “'*»■ Ajc- 

^jllj (_5lC' Ji-a-a dLjLa*!! «.1^)^1 s-Llil AjaAI d^l 

, LaLaJ <l]ald 


Jjla .3.4 

^ 4jl '^j AjjI^ jjoiaJl Ajjaiiui ^jj] LalAiJLail ^j'a'l l-i‘'\l 

oiA (j-a 1 ^ jjjjotajj J_5^ (j-a ^-jl^l (jJjotd] (_3^>la 

.General congruential method ^ijdl ^Lkill • 

.Composite generator c^j^' • 

.Tausworthe generator cjj^jj • 


26 



General congruential method ^IkUl 1.3.4 

^sIa q 

J^,+i = /U,.,x,._i,x,._2,....)(modm) 

^lajLoi 0^4^1 jjiaJl jj>j 4£.^j-a Xi Ji^x^ 

(J£j.l]l j!i]l Q 


= a^X^ + 02-^,-1 + c 


ai, «2, c 


[JliLj 7 ] Jajoijla ^jJa J> ^'> 1 liiji C=0 J (3l=(32=l f^' O 

(_5^ Axjiu ^J*4.iUaj]l 4i^)Ja]l 4 .\1 4jLaJl q 

f(x,, x,_i, x,_ 2 ,...., X ^_,) = a,x, + a 2 -^,-i + • • • 


.l^U. f(X-,X-_^) = X- + X-_^ C5^' tlu^ 


Composite generator 2.3.4 


aIuAjoi «.l^i ^jjjoLaJi] liUij [^Ljajj 9 ] oift Aaiu Q 

;j-a ^ j.^2- ■" (jj^^ ^l.~>-s‘uui !il!La 4i^>]a]l o^A Aaiu Q 

oAA t^ljjoic. r ^oAA jjic. 

4j^lji>i]l ^lAiJluilj 4^1 jjgiaJi (j-a ^jj] Ia jjAj ^AiJLaiJ 

.4.jLa*Jl l-i^Aj 


;jj^_j-a]l (ji j]j 4jjJa^ 4i^)JaJl oAA (jl (_3£aJi]l (j^-aj Q 
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Tausworthe generator 3.3.4 

U_S^ LaAjc. AjajUaj]! oilA ,A<iUxj Q 


J^,+i = /U,.,x,_i,x,._2,....)(mod 2) 




■+a,x,_, 


:lS' 


•^,+1 = ( a ^ x - + 02-^,-1 - ^^ k ^ i-k ) 2 

[c'^l 11 ] • 1 j' 0 Xi 

I^^Ljajj \' 2 , ] EX-OR Ajaiaia]! ^lAaJLoilj Aaj^)ia]l O 

/'\1 ^gjgiaJi j}^ ‘ /t“bitS aJjoAjoi 0^dllj^l Xc. 

2n-l jO^' 


^Ijl) jIjcVI .5 

Pseudo-random jit ^t^jiaJt ^jii uu^ait (_3^>iait ^Ja*^ u) o 

j^j .^t_^ Ca^ l^ifr jjj ^JA\\ 2 ^^t 0^.12^ (jjia numbers 

jj'l .^^yi dlt jLiia.'^t dljll^t Igjt t /'tl U 4^1 jj^ oi& jLiic-t 

• j^Uit ^j^jjoiit (jiaj Clljl£ tit ^tjjoic. Ig-jtj ^t^t Ajjoiiui jLiic-t j^-aj q 

•Uniformly distributed <3^ ^ j>a c:iil£ tit • 

,j_jaajt t ^ . >i» ' ^^jc- Ai£Lau> • 

•Ajjt_jjijdt .it.iC.'^t ^jjJJjaiLoit (jjlSJ^jia ^^)j,jj L_a_jjai q 

•Runs test J^i^uit ot jUikt ■ 

• Chi-Square jt^t ■ 
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Runs Test JjxJuII 1.5 

4jiLai<i AjjI aJjoiLoi dljl£ lij La 4j^)x>a] jLiii.'^l 1L& ^.l^lLaU Q 

f' independent 

1 Jlj • (j^ jjiaJl aIuAjoi ikU 1 

0.8, 0.7, 0.75, 0.55, 0.6, 0.7, 0.3, 0.4, 0.5 

(jj£j (ji (j^-aj fun up '°J J» (Jjoi^LuJl (j-a dllc. (_jJj aJjoAjoi]! oLa ^ajoikj L_a2 
jjiaJl (jj^ Ig-La 0.1^1 j]l (J jla 

;JLLi (_5.ic.L^ 

.1 JjioJ JjS/l^>]lUalU10.8 - 

.2 Jji=j 4l.,L.,ll 0.7, 0.75 

.3 Jjio. 0.55, 0.6, 0.7 

.3 M J' ^J>=d' 0.3, 0.4, 0.5 

^-LoiLoi]! (JjJa i 0 ^jLoLLall fun up (JjauI^Luill 3^^ 3 

.0=1, r 2 =l, r 3 = 2 :Jl^ 


^ . 'Ln^\ .i*J f. (Jjal5Lal]l 3_?^J ^AiJLaLl 4 


R = — ^ (r. nb. )(r. nb. )a.., l<i<6,l< j <6 

n r <; ;<fi 


1 < 0<6 


;a 21 j]) ^ ja.^.n\ldljljii]! (j-a ^ bj J ^.lidoLdl dlLijaJl n Liu 

..A 5 11 19 29 1 

t 1, 2, ,6) *^6’24’120’720’5040’840^ 







^A=^ cii 

r 4529.4 

9044.9 

13568 

18091 

22615 

27892 ] 

9044.9 

18097 

27139 

36187 

45234 

55789 

13568 

27139 

40721 

54281 

67852 

83685 

18091 

36187 

54281 

72414 

90470 

111580 

22615 

45234 

67852 

90470 

113262 

139476 

L 27892 

55789 

83685 

111580 

139476 

172860J 


(J£dj (^1 jdaJl AdVl ^Lj jjti R^4000 ^4^ 

.6 c5j'^ ^Chi-square 
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Chi-Square 2.5 

^aJalLa]! ^ jjJ tAjlliLa]! dl'^ ^U]l a jiaiJl Q 

,4dlAjiialA]l dl'^ 

:^l:i]l dljiaiJl ^Idb chi-square j'^' o 

_ j Q AjjIA jjaiiui Ijj^ . 1 

.y^>100 t(_5jljaLLa (JjiaJ <iuAjai aJjoAjoi]! oi& ‘^ .2 

yj- i dli aJjoAjoi]! (j-ajJa 4dl_j2iaJI _3 

ic'^l 13 ] .fi>5 uj^ u' 

tLaLaj plA'i''/' (_]£jd 4£. aJjoAjoi]! (j-ajJa AjjI_ j2iaJl dul^ lij _4 

fll]{^ 4ijuaLai]l (j-ajJa 4^1 Jajoijia <■ _ '' ^aJJ 


^ n 


x-=-hf.-l'> 

n ,=i k 


.dldaJl 

[c^l 14 ] 

:^l:i]l c^Loi^ ^ ^ .5 

n.2 


^j^k-l j 

4 dljl£ '/SAA-S. /' Jjl (j>da 4 ^jlLa ^ 

4 j‘''ti (JjIa^I 4dajji<a]l 4 i^ja ^ 

.jJilLa 

[c^l 15 ] 
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[J^ 1 ] 

'X) _S^ (jiiabjlli]! (_5-5 c- S '•' ‘ C5^ LijlJ AjjJaS -ijc- 

5 = {H,T} 

.H T C 5 -^ lS ^ ' I I (JiLaJ 


[J^2] 


;^U]1 S f' ' Ujli i^j 


5 = {1,23,4,5,6} 


[J^3] 

/-.l . >ia\l ^_ 3 c. Lijli ^jl 

5 =1(1,1), (1,2), (1,3),...., (6,6)1 

L>* j j (i, j) ^i l}j^^ (J-^) 

X 2_j^JLa]l (JiLaJj 


2' -"'JJ 


[C^) 1 ] 

Z^Y^X L_a^pJlj (_jjl jjiaJl J jiJLai] 3^^ i—SJJ^ 

.x,y,z ^j=21j 


[C^l 2 ] 


.X (3?-' 6^ 0<F{x)< 1 ■ 
.F(xi)<F(x2) u'^ Xi<X2 u^ ' 3 ' c5' (j-asUla j^ /^(x) o) ■ 

limF(x) = 0 J limF(x) = 1 Uj.i ■ 

x—^—00 x—^00 


.x,y,z ^j=21j 
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jlc. ^Uaill Lll2^lji-a ^j»Tl C. 


[J^3] 

^ A W A ^Uaj a^Ua]l 

.o-jJ' 


.1 J 


[JliL>4] 




]1 


AjLiaJl 


[J^5] 




[c^) 3 ] 


•Xi 'GLj ^ (J^\1 /'*'»>.VI ^Ij ^>^*-J 


[J^6] 

/'*'»>.VI 5jlj£ [^Q^ 1 j (JLi^l (j^ pU<‘''/'\l (J 



[J^7] 

^Loi^ lij 5772156649 > ji ^j:ii2 

.7923805949 :> 4j^' o' t?' 33317 7923805949 09201 
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[c^l 4 ] 

^ ‘ ^ aIAc-'^I aJjoAjoi a]jJ Aij^)]a]l sAA dul^ Ia] La ^j>a 

aIAc-S^I (j-a AijoiLoi a] jJ oAA ^jl 4ja^^)La (j^-aJ tAlAc-Sfi oAA Jajl^ 

_Ajj1 


[c^l 5 ] 

4jaiLai]l aJjJ (_jjixjLiJl ^iliLa AAaJl ^.-a^ ^jJalluLl tdjl i^\ 


[c'^l 6 ] 


^ ‘ .' AIAC-'^I sAi^ Lil '*'^1 ^Ac-J AIAC-'^I ^JjaiLoi ^Ualul ^Lj^I 


k^l 7 ] 


0jU]1 Q, duliillj '^ji 4jjjJaj lillAj Xi AAaJl (j-a Xi+\ jj.j*J 1 !■_ ll >u-\ ^ 

,Jaaa 4.Ajaia]l jLlklj jfi ^Ull ^ u^j c CAn\ ^ 

[J^S] 

Ia) m=\0 j Xo=a=c=7 ^ 

xi=mod((7*7+7)/10)=mod(56/10)=mod(5.6)=6, 

X2=mod((6*7+7)/10)=mod(49/10)=mod(4.9)=9, 

X3=mod((9 *7+7)/10)=mod(7 0/10)=mod(7.0)=0, 
X4=mod((0*7+7)/10)=mod(7/10)=mod(0.7)=7, 
X5=mod((7*7+7)/10)=mod(56/10)=mod(5.6)=6, 
X6=mod((6*7+7)/10)=mod(49/10)=mod(4.9)=9, 


[C^l 8 ] 

^ji (_}^ (^4jAlji-a]l) Aj<ajjlI aa]jj (^4jLai<a]l) AjjI^ gjgudl AA*J jjA l_ 

.(J ®JJ^ 
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[c'^) 9 ] 

i^\ aIjoiLoi]! L_Liai^i^ ^ c ^ a ^ ^ ^ ^ 


[c^l 10 ] 

aJjoiLoi ^j|£ ttij (Jj>.o^li (_j£>jJj ffl-\ _5 * C}i^ ■" 0^aJjoAjoi ^jl 

.xItYI ‘1 -5 0 AjjljjoaJl 


[J^9] 

•j^^A AjjIaIuAjoi ^ jJ S /'A-^‘'.n/'\l ^JliLaJl (jj 

a=3U, 159, 269, c=453, 806, 245,m =231 


[C^lll ] 

AjjLli dlli <2; (jl -^jc. t{ Z?} ^"'^3' U^ aIuAjoi ^jJ oAA ^jl (5^^ 

[C^)12 ] 

;J11]1 Ai^l Jj^ tisj Ja*:i EX-OR u) 

A B A©B 

“0 0 0 

0 1 1 

1 0 1 

1 1 0 


[c'^l 13 ] 
.observed L^\jAhf 


4jia.!Ul 4^1 (jja]l CjIj^ LjLoia. ^Jc. chl-SqUare jliii.' Sj^ A,alu 

.l^jlc. J_jj.^aaJI (_).<ajjLa]lj 4'\1 4 U:J^_S _ja] 1 .il.ic.'^l) 


[C^)15 ] 

.;p Jj'-^ ^ c5j^ c5^' chi-square.pdf i3 >d' ‘-^14' cJUal] 
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_5 10 LaAjc. ^j-a aJjoiLoi ^jj] 4.ilJaj]) ^AiJLail -5 

.jlj^l jjji c_i^l ^ t>j a=l j c=l 


_5 YYl^J tjj^ LaAjc. ^gjautll aJjoAjoi ^^AiJLail 

.jlj£j]l jjji c_ix^l ^ t>j a-Z J c=5 


J 171—36 U_S^ LaAjc. (j-a aJjoAjoi ^jj] pA-^'uni JJ 

. jj^l Ciii. Ja i jlj^l jj^ ^ 0=3 J C=5 


(l^—'~l (j_5^ LaAjc. ^j>j ^JjaiLai ^jj] A^LslII Aj^jUaj]! -§ 

.jlj£j]l jj^ ^ QA liLlj t c=4 J ai=3 J < 22=5 J 


LaAjc- j^jA aJjoiLoi ^j!l] A^LatJI Aj^jUaj]! -9 

.^1 j]l 


^jj£j LaAjc. (j>j aJjoAjoi ^jj] dlj^jjoijj]l Aij^)la ^A-x'unl -10 

.j'j^' JJ^ 6^ ‘ <2 i=3 j <22=5 J <23=7 
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^Lula 


(_jjJij c33j AjjI^ jJJ «.l^)^lj Li-aLj^ -4 

^l-ikioib j-a ^Ij ^ Excel jj ^l-iicLoib Histogram J1 ^jl ^ t( 3 ^Lai]l 

.Chi-test j Run test 


(_jjiaj (_33_5 AjjI. il.ic.'^l Ajl_s^ '?• ^-5 

^l.ii:Lailj ^Ujll QA .i£lj ^ Excel ^l.iicLailj Histogram J1 ^j> ^ 

.Chi-test j Run test 


lLiIIj]! l 3^_S .il.ic.'^l Ajl_S^ -h 

^Ujll .i£lj ^ Excel 2 ^'-jjj ^'.liCLoib Histogram J1 ^ji ^ 

.Chi-test J Run test 


^l.iiCLailj ^Ujll tj.a .i£lj ^ Excel 0 ^'-jjj ^(.liCLoib Histogram J1 ^j> ^ 

.Chi-test J Run test 


(_jjixjl.iJl Jajjji]! C 32 _S _jAsl 11 .il.ic.'^l Ajl' ?• ^-8 

^l.ia:Lailj j-a .i£lj ^ Excel jj ^'.licLoib Histogram Ji ^jl ^ t( 3 ^Lai]l 

.Chi-test J Run test 


^l.ia:Lailj j-a .i£lj ^ Excel ^l.iicLailj Histogram Ji ^ji ^ t( 3 ^Lai]l 

.Chi-test J Run test 
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Generating Stochastic Varieties 

.1 

o^,W<a\l ^l^VI t3^)^ (3 jLuJ 1 ljjJa^)xILujl ^ O 

.random numbers ^ j 

oAW.q A^l^^jjixll jl.ic.VI l3^)^ (_>^^‘^ ‘IjA q 

.stochastic variates J random variates cr^ 

s S 5 S 5 « 

A^l^^jjixll jIJcVI l.agi.Q l^jJ oJ,W.a\l jIjcVI lall *■''q 

/oJ,W.Q Jjidl 


The inverse transform method Jjjaai' .2 

(JLiii^Vl (_jj)jSat.a ^ _'' “'*»■ (j_j^ LaJjc- Ja^ oJA ^AiAoLl q 

.AjLoxJI a^Li]I 

Probability ^liiS IgJ oJAa..a ^ic. jlic.1 jJ jh ^.ic^ Ujl o 

^^Lila.Vl ^Ijj o' (J^j^j J[x) Density Function (pdf) 

1 J 0 (>Aa j^x) c5j'^ Cumulative density function 

r jjic. jJji Vji ^jij O 

F(x) = r 

'(^\ F ^ L ii. ...N, *1X jjxJi u *1 ^ o 

x=F ’(r) 
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2 





A4] ^_^jai£9tJ) (_]j_^^Jl]l Aij^)]a 1 _S ^xj> a^}^l sAA 

j ^ aV'-^ -n aJLuI^I ^Ij£ ^jjj ^1 jj J)'^y •" 


.uniform distribution ^ jjj (> • 
.exponential distribution ^ jjj • 

.Erlang distribution ji' ^ jjj • 

.Normal distribution ^• 
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s.. 
















f(x) A 

l/{b-a) 


jIjC'VI 1.3 

:^:^b Ja*j ^Ji:nJl ^ jjiii] o) o 


/W = 


1 

“ b-a 
0 


a<x<b 

otherwise 


-► 

0 a b ^ 


^l-lkljoib F(x) ^Ij ^ ^jij q 

F(x)= [—^—dt = —^—{dt = ——— 

^ b — a b — a^ b — a 

a a 

variance j^'^'j ^ ji^') expectation ^u) o 


b 



a 



b + a 
2 


Var(x)={{x-E(x)fF(x)dx=^^—^ 

J 19 


F{x) o 

r = F(x) = ——— ^ x = a + {b-a)r 

b-a 
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:^:^L u) o 



^l-lkioib F(x^ ^liiSJl ^Ij ‘- _ '' ^jij o 

X X 

F(x) = j f(t)dt = j ae-^ddt = 1 - e'” 

0 0 

variance ‘-s' j expectation ^uj o 


E{x) = ^aet “ddtdt 
0 


1 

a 


Var{x) = {t — E(x))^e '^‘tdtdt=—. 


;(_Pc. ' F(pd) c>“'■.'' o 

r = F(x) = l-e-^ ^ l-r = c"“ 

X = -—log(l - r) = -£'(x)log(l - r) 


a 


r = e 


1 j 0 jjalia ^jya F{x) u' O 


X = —^logr 
a 
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Erlang ^Vjj) ^ 3.3 


^ jjJ ^Ij C5^^-S -n Jjijl Jjoiajl 'AK' ^ /'\1 ^aJaj ■« ^ ^A-x'u.n q 

.Sl£UJl ^Lkj ^1 j]l ^U]l l^j JUi^'^1 

A^l ^1 jJ ^ j-"-^ ■" (_jJj (_5 jLu)J ^ jjlj dl'^ jsJLa dllj^ dl'^LaJl Lajjj Q 

,LAjalLaU ^IjJ 

0jU] 1 yjjj]l ^Ij (jli ^Ij Ajjai*^! ^1 jj]l oAA mCcin uj^ LaAjc. o 

.Erlang tjjjJ C 5 ^j c^j^j 



aJ ^ jjj h C5^ «.1a^ (_jc. ojl^ jA VI 4.alj^i ^Ij u) o 

.\/a C 5 ^j c5j^J mean 

^jiall 4^1 jlj^ (jfr ojbfr variance ‘-a'jdi'^1 j expectation ^jiall 4^1 lij o 

[i_^\ o^yj (_5jljx-a]l L_al^)^'^lj 

E(x) = — 
a 


Var(x) = —r 


a 


^ ■" ^ _'' “'^ ^tj ^j>j LJ.idJl ‘- ^'' Q 

ics' 5jjj^ k-^ 


X 


k -I k \ f \ 

= =--Xlog^ =-- log^;^.' 


i=l 




a 1^ 


i=l 


) 
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Ptobflbiiiiy Density 



^Ij dlli jjic- ^jj] Q 

[c^) 2 ] 

' 1 1 j 0 /' ^ _ if2 plAT'/' jj^ ^ji iij Q 


E(r,) 


a + b _l 
2 ~ 2 


Var(r^) 


{b-aY _ 1 

12 ~12 
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!(.5^ lJ‘ ‘ 2 ] Q 

X--, = wd.^) 

^ 2 Vi2 


^Jjk^aj ^liilLjj t^aJalLa]! ^ 3^^ N ^ 

'Lr-kH 


kl^ 


X-fl 


Nm) 


121 
X = (T^ — 


NiO,l) 

:u'^ C5*:J^ u' 

H _ Y^rj-kH 


E^- 


2 


k!^ 


+ // 


o 


:t5' 


. [c^l 4 ] ‘ [c^l 3 ] 


'/sAA»>. /' A^l^Aij^)Ja pA-^'un' (_s 

.geometric distribution ^ jjj (> • 

.binomial distribution ^ jj^ 6^ • 

•poisson distribution l >^ j ^ ^ jj^ • 
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ji (_J*^ _s^ ^ '(^‘'•^j'''' t-jjLij]! 4£. ■« (j>j aJjoiLoi Ijj^ (j^4 o 

u) .p+Cl=\ J S^J^' LS^ q -^ '-2=^' JLaJik'^ J p _J JLal^'^ O 

^ jjJ » /'J f.l li-^Vl ^liii] ^1 jjiaJl (JjsJLa]! 

;^!^b ^ jjiii] Aim\ o) o 

p{n) = pq'', n = 0,1,2,3,.... 

;^!^1 F(n) u' c5' 

n 

F{n) = Y^pq\ n=0,l,2,3,... 

s=0 

:u43!^Ij u 4^ variance ‘-s'j expectation ^u) o 

£W = - 

q 

Var{x) = 

q 


1 Fiji) CjLuI^ Q 


n n 1 n+1 

/^(n) = Zm' = p'^q^ = p—r^ — 

i=o s=o t— q 


p=^-q u' '^j 


F {n) = 1- ^l-F (n) = q 


r= => logr = (n + l)log^=> n = 


«+l 


:c5' 


logr 

log^ 


1 


1 J Ou^ij {\-F{n))lq j <‘{^-F{n))lq=q^ u' jW^Wj o 

logr 


r— q ^ n — 


\ogq 
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jIjcVI Jjijj .2.4 

ji (_J*^ _s^ '(^‘'•^j'''' t-jjLili]! 4£. ■« (j>j aJjoiLoi Uj^ (j^4 o 

.p+q=\ J S^J^' C5^ q LLiJl JLal^'^j J p _J JLal^'^ o 

(J 14 dl'^L^ jj^Ja (J_j^JLa ^ jjgiaJi (J_j^JLa]l ^jl 

^ jjJ \ jjiaJl 

;^:^b ^ jjiii] ju^^\ Aim\ 0) o 


p(k) 


ykj 




=0,1,2,3,.... 


:u 43 !^Ij u 4 ^ variance ‘-s' j expectation ^u) o 
E(x )= np 
Var(x) = npq 

A:o =0 (J*^ ^j n 4-1 X Jj^JLall o 

i- _ ki Jj 


k: = 


Vi+1 if^<P 


k,-i if r,>p 


^Jjj ^Ij lyx jIjcVI Jjijj .3.4 

Clll^),a 14 t(j>j^l (j>j '/sAA^ /, o^jjS Jajoijia ^ ^jl O 

• jjjuijjj ^jjj] 4ilj£ll ^Ij ^4y 0-^1 J oj^ 

Pin) = e \X'!n\), n =0,1,2,3,.... 

[C^l 5 ] 

^jIj 4^ (jjuujjj ^ jji ^^Lali.1 ^ jjJ jjic. ^jj] 4jula]l (j) O 

AjLaj oj^ J/^ 'OtSjia ^--a^ _gjaiC- dl'^ _j^JLa 

' oA^l J (j^jjJa dl'^_j^d21 

+1 

Y,ti < i< 


!=1 


i=l 


45 





oAA a aj^)x-a ^^Lai^l ^ jjJ _j<a]l AjjI( jLj^'^l (j-a ^yii^ Q 


lW 


iLka 


5JJ>> 


li ^Lai^l ^1 jJ ^1 jjic. kjJ ol£Lakl ^Uaj jjM ^ k) ^LaJl 

^ \\ TaW 

^jjJ dlli A^l_jjiaaJl k(jjjaj^)Ja (_)^^)3iluij L_a_jjai ^ajoik]! Ik 

^kJaka jl o^)<aijaba 4jLai^l ^1 jj tiUij 


O 


AjJaVull ^IaIaVI ^Ijj (y» jIj&VI <1^jj 1*^ 


j dlLa_^ka ‘- _ un-s.' i Pi p(X=i)=P j iX (^'3^' JjaJjl UjA] o 

;^ll]l oAc-lill jjkJl AA*J1 kjj (jkj Ajl 

.3 C5^j c5j'-^ X ^j]l jli Ia) p2 J p3 U:“ (^ '-^ AAc. f UjA] q 

[c^l 6 ] 


1 A 




P2 

^1 


X 
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; JIILq 


L Q-N...^\i ^i.lC'l JlLaJ X Ijj^ O 

^ 






^LujVl 


X 

1 

2 

3 

4 

5 

Ax) 

0.20 

0.20 

0.30 

0.15 

0.15 


: [c'^) 7 ] (_5jljalJ ^jjj]l ^Ij (jli lij O 


X 

1 

2 

3 

4 

5 

Ax) 

0.20 

0.40 

0.70 

0.85 

1.0 


j-Is-a]! (JLs-a]! ^Ig-j (^jJj (_5 jLuij (_3^Lui] 1 ^jj^l (_5^1j r uj o 

La£ 


If 0.85<r< 1.00 then x=5 • 
If 0.70<r<0.85 thenx=4 • 
If 0.40<r<0.70 then x=3 • 
If 0.20<r<0.40 then x=2 • 
Otherwise x= I • 
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a >4 ILum1| AojI jIjC'VI • 14 . 9 ^ 2.5 

Histogram f'j& juujgl b j:J^' ‘X Uj^ o 

:c4^' 



J J i^yJoji Ji(^Xi^ (J-^Jj J ?• 1. x^ 4jalill (JiLaJ 


[^^Ljajj V j ^ (J^AiLoJl ^l^iJLailj 

(jSj (j^ (_3^ljai]l ^jj!i]l ^Ij (jj .b^LuiaJ ^jj^l ^Ij (jl LLiaj^l 





o 
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u' j^j ‘r u^' '-y-^ o 

^l-iklaib A^ X (^'Ju'^ ‘linear interpolation 

r-f(x,_i) 


x = x,_i+(x,-x,_i) 


/(x,)-/(x,_i) 
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Rejection methods 6 

tiUij j\x^ S-l_ji2a<a ^ jjJ X (J^jJ (_)ia3^1 4i^>ja ^lAiJluil 

;^l:i]l CjI jioiJl ^liib 

.a<x<b Cy^ j j >. o^ <a x J j^'i ^a l i ■ 

4.xj^ (J*^ C (J-alsi-a (jl Cai^ j\^ ^ ■ 

cf{x)<\, .a<x<b 

r >‘X=a+(b-a)r uj^ r cr^ x Jj^^' ■ 

.(r2‘ri) (j-a ji ^■ 

X=tt+(b-tt}ri ^-iljt-all ^l-lkioiLj 4^1 jjgiaJi ^Ijjl ^jij liUi PJ ■ 

^^'-5 r2<c/(^a+(b-a)ri) ( js'jj 

.cj^ .T'\l (j^n^all ^ '/'ti 
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f{x)=2x, ^ X (j^j^' ^.iklail 

0<x<l 

:J=J1 

.C=0.5 c5' cf(x)<\, .0<X<1 C ^cUl*^ j4^' 

^X=ri lJ* •> 'j Ti jjiaJl ^ji ^jlj ,Y 

^2 Jj^ r2<c/(ri)=0.5(2ri)=ri :u^ '\' ^2 ^jij .V 

^2 o^jJaiA] l^_jJa3^ '^j_S 


_laiA]l 


:2 

dlli 0^1^ A^Luixj ^ (_jia3^1 pA-x'unl 

:lM' 

.^1^+/^^ —1 _jjai*Jl u) •! 

,/^2J ^1 *2 

(c5^ ji) r2 u^ '\' /(ri)= \li~^ ^ ^2</’(n) :u^ '\' 3 

^2 o jItsU ^_jajj l^jJaS^ '^jj r2 -S Tj 2_?^ 

■^^Lat^l ^lAaJluilj A^Lobo]) ‘- _ '' “'*»■ 4- 

total number of acceptable pairs 


area 


total number of generated pairs 


[C^l 8 ] 
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Monte Carlo Method 7 

^jJ (_5-5 c- ^ Aij^)ia ^_'*'»*' Q 

4^1 

jl 0jl!li]l (j_j^ LaAjc. 1 /'IaA'uhI (j-a ^ ASJ^jja ^_'*'»*' Q 

oift ^jJ (JLi. ^ pAA'u.n 

(_jc. La (_J<al^ ^ _'' i-i/'AA'u.'I ^ (_)ia3^1 ASJ^jja (jl 4iLai]l ojSi]! Q 

^sLa ,(_}/al£j]| ^ Lila'\1 (JLaJ^I ^ ^'' 

_Ljaji j]jl£^^ ClllajfLj 

^4 aV'A /' 4i^)ja ^IaA'uhI ' l ^ '1 .n-s, Ljaji _j<a p' ''A'unl q 

;^LiH t^LoLi. ^jj Uji 


1 

^ = I f(x)dx 


a jl^ = lij tl J 0 OJJ .I^y t tji (jiajjijlj O 

:lij Q ^ jiL AialuLa 4^1 jjic. dl'^ jaJLa ^jc- 


1 


/=-S/, 


n ,= 


/=! 


.^1 ^1 ^i^bu ^ jj 


:c 5 ^j c 5 j'-^ *—o) o 


2 

5 = 


n 


\±(f N 

i=i 


(J_j^JLa]l ^Ljj I^Q^ J j ^ (J_j^JLa]l ^LsJl 4jLiJl Ljj^ U^ O 


E(f(x)) = If (x)g (x)dx 


(jli pLi'i''/' ^Lj ji ^ (jl ^X (J j^^Lai] ^Lj g(x^ >•'‘1^^ Q 

; ^^\ ^(x)=l 


1 

E(f(x))=lf(x)dx 


:u' ti' 


E(f (x)) = f 
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[C^) 1 ] 

C5^®-“y C — 1 _S jU^O UJ^ LaAjc. 

1 

f(x) = —j^=e ^ , — oo<x<+oo 

y/lTT 


[c^l 2 ] 

' C, J jjic- (J_j^JLa Xfi^ .... ‘JC2 ‘.^1 C5^ A-aiu 

:t '\' N^v{x)=(f- ‘-s'j E(xi)=iu -^'j 5jjjj V 

=x,+x^+... + x^ 

l.^al£ ^ 4jlj£ ^ jjjj ^xiiC. (JL^^)£i 

(_5jljaij 0 jU]1 j jiJLai] j ^jj]l (jli IaAjc. ./j Cli.ilj 

E(Y,Xi) = n/l 
Var(^x-) = n(7^ 

[C^l 3 ] 

(JLal^l ^ jjJ /' jjiJl AjjI_ jj.jaJl lllc-'^l iJjj] ^Ailiuil ^llji-a]l olA 

[c^l 4 ] 

Ig^lcilLoil (j^-aj <<0^ (Js^ (j^ -^J -^J 5ic]l (jj^ (^5^^ UJ^ U^ *■. (j) 

.k=12 


[C^l 5 ] 

(J^jHj ^^Lal^l ^ jjJ ^lli (_3Jj (_5jLuii ^L^l dlljla (J^lljj ^_^1 Ajla^l oiaU]l (jl ^Ja^IiLa (j^-aj 

^ 1/^ ^jLolI Jajoijia]! ^jl j ^_3-“il 
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[c'^) 6 ] 

x=i u'^ pi-\<r<pi 


[C^l 7 ] 


;^:^1 (j>j AjIc. (J^ 


F(x,)= 'Zfix,) 

\<k<n 


[c^l 8 ] 

oj^ ^ dlli c(b-Cl^ J ^jj ^ (j^^l 4i^)]a (jl 
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(JjLuLO 


ojj£A-a]l ^jj] j1uia]1 ^Jlc- AiL ^xjU^ ^ "11 

_(Jx<aa]l l^A 


lift oj_j£A<a]l (_3^>]a]l ~1 a-x‘'.h1 ' 0^^ -12 

.J:^! 


^Lki Sl£l^ JjS/1 J.^1 ^ dboS (_5^l pA-x'uni -13 

yjjjj ^gjgiC- (Jj->■ '■" (J-aail (j>»j J (j-aj jj 

.0jllill 'AKI ->. /'\1 iaj ^Lali.1 
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Simulation Design 


^jLa .1 


^lij ^.'^•v‘‘uj,i‘i i—I^I j (_p3^at.‘‘uj.i‘i <• I^A q 

sji^lj ^Jisj j tevent-advance j'^' © 

J sl£U^l j^ ^ J cunit-time advance t>j^' 

• 0^3^^ dll^jjij L^l.tj,!^ A^^)ia (jlaiLkj 


(> 


activities based ^iaJijVI o^\ ^ ^1^1 ^jUl 


O 


Event-advance design .2 

^^Lkiajj 1 j ^ jj»‘n lLiIa^VI C5^ oilA A-iU*J q 

jj*jj 0j>j (JS status ^JLi. j^ A-aiu o^A qm A^LoiSft “O 

I^^Ljajj 2 ] .UJ*^lii ^Uaj]l C5^ t<a 

^LoJl J:JAj t^Uaj]! (_ji (JSJ clock plA-^'u.'l ^ liUi (jjiaJi] O 

^Ijll jj^ tiij ijj 

• (/■ La Va"' QM f.l^Jij'^l Ajc. /'\1 ^Uaj j»j^j O 

t(_Jj£Laba]lj 1 

[^'■^.'3 ] ^J'^' LjI oLa 2 

.liaj (Ja^l di-laJL ^ 3 

jj^ j c^j^j 6^j c 3 j Master clock cs^ 3 ' ^jL 4 

(/2 !^LLa) di-laJl 

^ l.iSAJ t_Jj 3^1 (_jJj AjLajJl jljSi ^jL ^ 5 

yua ii [c^)4 ] 
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[Jlla 1 ] primary events j^' jj^ o 

. [J^ 2 ] conditional events ^ 



[c^l 5 ] 
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Future event list .3 

Future event list ^li lJjju o 

•{t c^O I—sjjoi 

^ jlij l_a_jjal 4 /a’ll qll ^1 ^1 Q 

.Time of occurrence ^ c5^' t> j^' o 

• [c'^.' 6 ] Type of event o 

[J^3] 


(jl (_j^-aj (_ 5 ^l 4_LlLjatiJl dlLlLaaJl .i.ic. (Jlsj i-"'J^ AjLiluiAll 'CajlUl ^jl ‘- _ q 

• (jl 4-1^ ^jc. /'\1 

.cj.laJl cj.laJl (j-aj (j^ (jl 4-^ O 

.(^■^) ^"'(^‘^'1 4 .-X\1 CllLa_jLi-a]l ^jouj O 

(_]j.i*j j\ ^ l-« ^■T' ^ 4.-ajll]l ^Ljaj (j-a q 

;4yya''.n/'\l 4.-ajl3 4.-a.ila]l o^jaall ij^ O 

.Sequential array method • 

Linked lists method kkj Ijlali jail • 
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Sequential array method 1.3 

dljA^ dllSjl AjLalLau]l ^ pA-x'un*' q 

^J-a (jc- i (J^ lilli 4i^>ia (J^-uil ^jl Q 

dljA^ U^ j ‘Luiij ^' -"'JJ jO. 

^AiiaU ^i^iJLailj dlLa_jLi-a]l '^llLa (j^ (J^jv^l O 

lij-laJl (j-«jj CLi tij-laJl (j-aj JjSfl 

.l.i£Aj CL 2 lsJ^j C^'^' 


CL\ 


CL 2 


CU 


CL„ 


4ija.^/'\l ^Aj.laj (_3-l^>]a (jc- ^j£ >uj ^ Alij^ ;j£-a-a]l Aj-laj u) O 

;4 jll'ili 4jaJjaiJ Aj<a jjl^I a-^'uhI ' ^ai .U^ j (.5^ lSJ''^"' 

num =1 
time = A(l) 
for i = 1 to n then 
if time > A(i) then 
time = A(i) 
num = i 


Jal lsJ^ t5^'j ^ lsJ^ *—®num Jj^"<aii ^jli ^^Uibj 

.u^j 


4.xj^ jjjat'ij SK ^J ^'^AaVi ^ tijl^'^1 L aA^'i 0 ^ ij) SKq 

jlf At ^ -"ja' .laixJl 4jja.^/'\l .j 

A(y) tj-a^^l _ J'''"' ;_3 O^ 4-ajla]l (^\j ^Ljaj i ■ .laiA]! 

4ji L_ai^ ji ^Ljaj Ajc. liliij Igj]jg >MJ 4i^)Ja]l 0 I& j;l-a2 q 
A j (JjAiJl (jc. diiJl lA.lji*j 4 ^jAj j-a£j l^jLuixj ^1 (j<a jl q 


j_j£j LaAic- SKj^j£jj t4jja.^/'\l ^jj^^ajc ^jsu^i jC tlla-Jl (_jJj lilii 

,4jajl jlail ^1 liliA] ^ja.^/'\l ^jj^ljc- 
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Linked lists method ^jla 2.3 


^ aV'-^ ^ Ljjl ^'iiC- dlLa_jLi-a]l LS^ 'Oajl^)!La]l _ja]l 

<JU:PC5^ o-iSaJl ij jlaj nodCS t5^J oj^lill 

0 .iaaJl ^(_Pc. (pointer ^Ij-dl dlLajLudl 


o 





an 


0 


dlLap ‘ ‘''°; 


[c^) 7 ] 

f' ^'^" *‘ '.] j Clock t>» j5' Jj*^' 





; (JliLa 


(j^LjJa A^l^'iiC- Aij^)IaJ 1 Or-l .Sr, ■« C_1JJ^ C_Liji O 

.T ^ ^ik^axj 

^ (JjaiLaU (ji (Jjiall (JJjij Ig-l P 0-^-^ ^liaJ l_ij(a lilli 

(jl i^\ P(J)=7 _lj^Luiaj ^c-yjjii ^ p ^ (j^ ‘•. 

.T ^LuJl ^^ jsS^l 


4 A 1-1 1 

AlC- f 

(2) O^lall -iai-iJall 


4 ^ A 1-1 1 


.lIC- 

^ ^ S^li]| -iai-iJaJ 


4 Cl ^ A 1-1 ^ 

.lie. 

^4) -lai-iJall 


4 ft. ^ A 1-1 1 

AlC- 

^ -lai-iJall 



l&Ak:'j C5^ Jax.jJn]l 
4^Ui!l 
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o 


(j-a i _jl ^jLaC- (jl 

(_5i]lj (T(5), P(5)) Jj' (_K»^ '^j' ‘ 10 jj '-ij' (J^J^ 

.(T(3), P(3)) Jj j:Aj 


o 


Jj P(l) jju ;(T(1), P(l)) J^ P(3) o 

j P(l) tjjJjJl 2^ J lj3Li=j jil.(T(7), P(7)) 

.P(8) 
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o 


^jM '^jl ^jij 5 iLjaj ^ Lijl 

^ (j-a ^y■";'^ t5^ ' 

(T(3), <Lij]l J^ (T(5), P(5)) Jj' L>^»^ O 

P(l) jP:J ^ ‘(T(l), P(l)) "^1:1^' ^ P(3) ^ .P(3)) 

.10 

^j\ a.Vqaeli ^jJajj (AIjLoi]) o.'iqaell <.<u 3 ^ ^Q a.Vqaeli t- a q 

_l^.ajaLa ^ jl a.i ^ ^yfr 10 ^‘i—ajjoi lAAjc. iP(l)=4 ^‘ P(l)=7 
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Implementation of Linked lists ^1 jSil Jjiaj 3.3 

(■''lljl/ac. jj^jjJaJ (jl -"j; 4jajljS]! u) O 

(j^ajJa dlLa _ 'f'Jj' * 

_lA^)j.j^<a aSsc. (J_j]l ■ 

i jI (3^ ' 

Clljl£ lij t^LoJl ClLjLaaJl (jl (j^-aj dlLajLu Aj^^l dlliJ (jjlij q 

4^ 0^1^ pj■« ■ 4jli jlxi ^"'1 -njl*''!! cAA 

(j-a (_^ (j£-aJj tdlLa_jLi-a]l jjjj^j] 4.jjaiLLa]l 4i^)Ja]lj 1 ■ (jl p-"‘^-"ll O 

(_jJl ^^1 ^/'ll (jli di^ (J£J ^jLuxj l-jj-^ dijl£ lili tdilija.^^' ^l.iaJLail (jl^^l 

Ln\Q /'ll fl (_jJl ^llaJ 4ji LjjJaj^l lilj (J£J ]i+\ (JjiaJ ^ji^^xa 

.k+\ Jj^ n C 5 ^) u'^ 

;l-»aa jjVa^ (j<a t- all'n o.i^ (J£ jjl ' L_a_jjai ^4jajljia]l ^l^jS]! 3 'a^ 'l O 

[^Ljajj 8 j Link ^>a]l ■koA (jjjiLi] (^l^lj ‘Data ‘^'->jjia^l (jj 

; LaA J (jj^^iJill s,LiJaaj (j^j^ UJ?’ 'J. ~ i—a jjoi O 

^ ^^^a]l AjC' A J-a jl^)!la]l 4.ajl^l ^^1 *AAa*ll l t" 

^Lda Jl (^1 ;^11L'^1 ^U]l Jl X culi S^l ^ c^illj Ret(X) ■ 


[c'^l 9 ] 
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.Create linked lists ji» ^IjS «:Lijj ^jjlji. .A 


.Deleting of a node ^jj'j^ .B 

.Inserting of a new node ^Ljaj .C 

Managing the storage oj ^ jjl.D 


^Jajl^jILa f.Lijj jji— A 

t 4 j 1 ^jLaS^l ^_j^-a aJojI^jILu AajIs f,Liajlj aJIj]1 Aaxj jjl j^l O 

_^lii]l o.iLi] (jala^l ^jJl J j j*ijJl ^1 F JjaJjl j^ til 

Procedure Create (F) 


call Getnode(F) 

Data(F)=l, 

call GetnodelT) 

Link(F)=I 

Data(I)=4 

Link(I)=0 


End Create 


oJiac. A^jjljl _ F 


^ Ajjfxdl AJajljldl A^dlall j-a 10 A>i^l (JjliJi o.iac. t a ^^_^ ^lj]l A^ jjljlJl ^jSj 

jj^ldl jl jLjjc-Ljj tA^dlall 0-^1 J oj-a j^JaJ 10 A^udl jl jiajiiij AajLuill ojasll 

Axj^l ^5jlad ^^Jl adkx^ (jaia-xdl ^jaII C=10 J Jj^ jlj-all JlaJ F 

Procedure Delete (F,C) 


o 


If F=0 then error the list is empty 

I=J=F 

Do { 


If Data(I)=C Then { 
Link(J)=Link(I) 
Ret{l) 
exit 

} 

Else { 

J=+I 

1= Link(I) 

} 


End Delete 
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0^.1^ o.lac. 5jljJaj jji 

p (J_j^JLa]l (jl jLjjc-Ljj ^ o-iac. 5jLja^ ^_jaj Q 

jjLa]l ^ jlill ^jM (j (J_j^JLa]lj to.iac. cJj'^ (J-^ 

Procedure Insert(F,G) 


If F=0 then { 
Getnode{G) 
Data(G)=C 
Link(G)=0 
exit 

} 

If Data(F)>C then { 
Getnode{G) 
Data(G)=C 
Link(G)=F 
F=G 
exit 

} 

J=F 

I=Link(J) 


do { 

if Data(I)>C then { 
Getnode{G) 
Data(G)=C 
Link(G)=Link(I) 
Link(J)=X 
exit 

} 

else { 

J=I 

I=Link(I) 

} 

} 

End Insert 
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f-Ljaaj — J) 

A xa'ilqll .iiaJl jjj^^iJi]! f-LjaS 4 jlllll jjl^_jaj Q 

(J^j^JLa]l (JiLaJj tA-ajl^l l^lAiJLail (_)^jjLa]l .Vqaell ^.Ic. (J(JlLaJ 

_o.iac. (Jjl y 

Procedure Init(n) 

For i=0 to n-1 do { 

Liiik;(i)=i+1 

} 

Link(n)=0 

v=l 

End Init 


«.LJaa o.iidl jb getuodcOO o 

A xa'ilqll X 

Procedure Getnode(x) 

lfv=0 then error: no more nodes 
else { 
x=v 

v=Link(v) 

} 

End Getnode 

QA t- a ^jSj i_j\ ^LjaS jli o.iac. ^Lkiab R6t(j(^ Aj-ajjl^jSj q 

A-ojlall ^AiJLaudl ‘■"n^ lA /'M all 

Procedure Reix) 

Eink(x)=v 

v=x 

Endi?et 
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Double linked lists 4.3 

1^1 dlLa_jLi-a]l (.5^ _ja]l Aij^)Ja .A^aJxj Q 

^ (j^J t'Uajijlall j^l (Jl:aJl jA La£ llOdCS (J^j^ (.5^ J <iiik>j 

.iSaJl (j^ AjLaC- 

' (J£ (_jc. LjajC- (jj^)j.j^<a (_ 5 - 5 c- a «a‘ll''ili (_f q 

,i ■" oL^l ojLoi^ 



^Uaj pJ■" ‘Ajc. ^ !-»»'' l^Lj oilA ■"'''' Q 


Unit time advanced 6^J^i S ja. 1 j .4 

AJiilii MclStCr Clock 4 Ax-Loi]! C 5 ^ oift AaIsu O 

CjljiaiJl .one unit time (>jl' S-^'j (^j c 5 j'^ 

.^j-a^l o.l^lj jl.iLaJ oA^lj o^yi} Ajjoi^^l Ax-Loill ^1 jj o^yt (J£ . 1 

.future event clocks AjLaloiJl Lijl.ia.S/1 jl jW^' .2 

.lijj La AjL^Lola]! (jLa^l ^>a Ajjau^^l 4£.Lai]l ^jLuij Ajc- 3 

^ L)^-S tdlAiJl 

.Llia-21 jtj^ 0jL.-^\l ^1 .ij*j (_5jLuLi]l ^.ic. Ajc. .4 

oA^l_jJ Ajjol^^l 4£.Lal]l 0.iLj ^ Li^ (JSjvlll O 


Time unit 


/ 



E„ t 

Master Clock 
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Master clock is 
increased by unit-time 



Yes 


_i_ 

An event has 
occurred 


_i_ 

Take appropriate 
action 



Yes 


_ i _ 

Schedule 
new event(j) 
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o 


(ji ‘ ^ (J^-^ 4j| Jaia^^l 

liUi (jjiaj tfuture event clocks ajLIL^I lijl^'^l tlij^ Cjlijl 

«.aJ1 (_J^ l }^"""' kl^l (j-aj ^jJ (j^-aJ ‘l3^-^ l }^"""' 'CJ-ajill Aj^Ull 

.^1 «a‘ic. 1 4-1^ liim 

dlSj (j>j dlAaJl jl^)<aiai'^ 'XalaCl kl.lx-a]l Aij^)]a]l Q 

dljAa. dlSj (jc. Lja_jC. (j-aj) 

Aj-ajjl(J.l*j klLaJl oilA q 

,(j-aj]l oAa.lj jl.iLaJ oAa.lj o^)-a] Ajjoi^^l 4£.ljai]l o^y) (J£ 

jl.iLaj ‘future event clocks AjLiLauJl Cjlijl (j-alijj ^ .2 

,(j-a^l oA^lj 

^jaj ^ (j-aj t2j.laJl .lijj jix^l (_jJj AjLaluuJl cLll^'^l dllijl ^1 (_5jljaiJ Aic- .3 

.C5^J^^ ojiaiJl 

®^oljLaball Aic- _4 
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Selecting unit time .1.4 

(_j£-4<a]l ^jLj Ja^)ji]l (_3»^ ' ^jl 4 j 1^1 t oA^lj A.-a^ jljli.1 Ajc- Q 

lLijA^ U^j UJ^ LaAlc- SK^)\iLa3 (4.>a^l s.^ ^1 ^-1^ ^-1 

dlAiJl ^)^JaJ L_a ^Xji IAAjC. LaSj oA^lj CjJ^ ' -"'JJ t 




C^O U4^j LtiJrJ^ 


Time unit 

/ 


ir^; 


i+l i+2 i+3 i+4 i+5 

t t 

El E2 


i+n-l i+n 
^ Master Clock 


4j£jaba]l oAA Q 

.^)^Jsij (_5^1 (_]£ ^o^)J3Lx.a U^j oA^lj ■ 

2^_jla lliSj (_3^)*iaiJ L_a_jjai ol^Li^l ^jl I—a_jjai Aaj^)]a]l oi& 

.tij-laJl (jc. liLliJl 

^Uaj ^_j<a (J(Jsl t- a. ^' (j-a^l oA^lj ^--a^ " 

.Sl£UJl 

«.^Ij !)\iLa <»aV'-^ /' ^ aV'-^ /' 'AKI ^ /'ll Aja Vij ;4ji]lii]| ■ 

dl^'^1 ^J«a-N (jl (j-a (_3'a^‘'l' ^ 0 jl-»-^a 0 jU-^ Igj^ljj ^ (j-«J 0JJ» ^ -"ja' 


da.^1 Aijjiaj 0^1 J .2.4 

(j-a (j-a 'AK' ^ /'ll ^Uaj (jj^ LaAjc- (j-a^^l o^l jJ 4i^)ia ^Ia-^'w.'! ^ q 

^J 4£.^)juiJ dllA^'^l jljli.1 ^ai ^LiJl oi& ‘^ a‘'/'\l dlA^'^1 

(_5jLjaLl ^ -"ja' ^ >,t 'll \ ^ . >i» ' jjc. o^Ljia dl A^ VI LaAjc. ^ (JjJaSLl t^j^lc- 

.(j>J^l oA^lj 

(j-a (Jjla C5^ 'AKI^ /'ll ^Uaj (_5jlaj LaAjc- pAa'i/'ll d.laJl 4i^)Ja ^l.lkluil ^ kad q 
2^_jia liiSj L_a_jjai ^.liLall U ‘- jj ' C ‘ ■ U^ o^ljiall dl^'^1 

.(_^llll d.laJl (jc. dii-Jl 
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Activity based simulation design JaUiUl .5 

ol£La^l activity ^Ij-a ol£l:a^l ^ oi& A-aiu Q 

t-uik. complex systems ol£U^ ^jJall oiA ^.licLouj o 

Laj^ tji j»lJaj (JllLall (Jjfiai O 

:^l:i]l cA^\ jl \c- ■" ojLj^l a 1 a'\1 1.1^ 

.(JLuCi]!) inter arriving i-a^' ^j J(a 

(^X^VO being served (> 2 :jj^' (b 

.waiting for services jLkij'^l (c 

y ti .Ti 'V1 JaLij (J£ AjI^j O 

U_?^j JaLaull ol^Li.>j 4.aj^)iaJ ol£Li.^ ^Uaj ~ J ■" ‘ .' ^(ji tjjl O 

: '-^l ‘single sever queuing 

.i oj^y^ STi t>j o' L>^j^ (a 

^ uj^j^ j'-^V' O^j u' (J^j^ (b 

ATi-A > uj^3 j OJJ j'-^V' t>j u' L>^j^ (c 

s O^j^' '-^j ^ L>^jl' i uj^j^' u' (j^j^ (d 

S:+ST (>jll 


ST 


WT 

◄- 






AT 


±i 


a 


ith 

arrival 


Si 


ith 

arrival 
begin its 
service 


fl('+i 

▲ 

(/+ \)th 
arrival 


t 


-► 

s+STi 


ith 

arrival 
ends its 
service 
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Uj^ lij if (jjjjii STi J WTi L>^ l)^ I—ijaj Ujl Q 

. i UJ^J^ jLkijl 0 jiia J!lk i+ 1 uj^jW j^i»j (a 

[C^l 10 ] 

. i uj^j^ <-!^ i+ 1 uj^j^' (b 

[C^l 11 ] 

. i UJ^J^ 0 jiia ^ J!lk /+1 (jjJj^' (c 

[C^l 12 ] 


^LoJl di'^Lai] /+! jUalj'^1 diSj ^jLui^ IaAjc. q 

,WT^^^=(WT^-AT^^,) + ST^ (a 
,WT^^^=(WT^+ST^)-AT^^, (b 
WT^,,=0 (c 

Aj^LaJl /+1 !■_ ll >u^ ^jJaioU W7^; >•. -^jc- 

..'■^J i+2 C5^'^' 
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>1^1 Sl£l^ AhjL JJ^l JU]1 o 
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Examples 6 

|LaA j (_3^>2a (jjA-aii-a jjJllLa L_a_jjai ojaa]l oi& 

.Inventory system ■ 

.Round robin queue ■ 


Inventory system cjU-jjIuaa jja ^Uaj 1.5 

^ aK\ l '.-a-N. (j-a s-UaC-j dllc-.^jllxodi ^Uaj ‘- ~a ' ,7 

A^La^l «.l^)j.j ‘ t4j£>uj aJ]^ (Jsi (_5-5j _S^ A^Lix^a AlALa] 

^CJjaiLidl dlSj]l i^J ^LjaJl ;j-a 4 ^ 

A^Loii (J.al jc. SjaI .^TaVl Ail£Jl (_3i*jjj _g 


Ajjx-a 'eji-aj oXal jIulaII oA^lj o.iLa Ail£ Ail£ ■ 

A/'-v /'\1 (JLa]l Ail£ t^-i<a (_J^1 _jC- ^ aK\l 

.diS^i 1 ^ L^^a^ p.l. >i L qV^ a q\^ i,a ^A . ^^taj Aai^ t^llLa 

L_al^j lAclX . >1'\1 c i\l-i A aK' 7. 1 A aK\ l (_]j3tjjj Aal^ ■ 

.^lljyi 1^ ^LjaJl ^l.liJLail L_aKj 

^llj'^i I—asjJ ^ aK' TliLa ^ aK\l tAjJaj^}*-a]l ^LjaJl ;j^'a'\l Ail£ ■ 

jl t(_).<a3lj]l ^ILa ^.ic. 4 \/'\1 ojLotiJl jl tLa a^'La (_j.saaj (JL^ 

.^u]i s^Li ju ^ ^1 
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Aj-aS LS^ f-^1 Ajc. . >1'\1 (J-^ If (JOl o^\ .9 

(jli ^liilLjj if j f Ajixj^l ojja]l ^ Aj<a£ /) j ^Uaj]l ^Ljaxi]! ^1 

l^jLoiJ f -ijc- Aj<a£ 


I =r+s-D 


Ja .^al '\1 a^La]| : ^ '\l-i' ^y,] f.l lif-l 1. ^ Ij^Ajc- ^jljgba J^, A»^l ^LaAjc- 

U J C5^-S ^ _S^) ^ ^jl .10 

(_5i) A^jjaJl Clllc..ijluLa (_jjj ^jllia]l Aj-a^ll Jjj^j] f J ICcld time 

^ ‘j uu^ll a.^La]l cJ_J‘ dl3^ j a.^La]| ^ '^ti Cll3^ 

^LjaJI Axj^ U^ Ja^!^ (ji (j^-aJ .cl**!! ^jJ ^Ig-j ^ t_jlla]l (ji 

(_]£j. 1]1 (_33_5 jjjoba]! 
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^jLolI j ^ji ^.isj Aij^)iaj ol^Li^l ^Uaj ^AiJluij L_a_jjai _ 

• C5^_S W®_S:J t_llla]l ^jl ^_S:J 

j 1A'\1 dl^iLi.A<a 4£. ■" ' i—a_jjai 

.ROP ^ IaaIc. ^ 4jaij]l 

,(2 ^ 

.5/ ^LjaJl Aj<a£ 


Tc^'o-j^' ■ 

;Ci ^Ij ^1 - 

.^J^' C5^ C 3 ‘C 2 

iP(J^ (_).<akj]lj t_jlla]lj (_j<a (J^ LJ_jlla<a]lj ^aK\l ■ 

j^' C5^ rCs ‘‘TC 2 

(_]£j. 1]1 pi IA'W ^ paA'lll JaJai^l ^J .12 
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© 

▼ 
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Round robin queue 2.6 

^ \c- ■" f.1^1 ‘Luilj^ ol^Li-a ^Uaj pJ ■" ‘ ' Ix^a]! ^Uaj i .13 

CPU ‘ ^ 



^jSj (_ 5 i) Thinking ^ <-1^ ^.ikiuball (ji .14 

ji ^ILsi-a]! pA-v'Kn' ^ U®_S ■^*-^ cJ*-^ liLa ^jlajoi Ulj^ 

.Enter JaiuJalLj ^jL LaAjc. La j-al .liijlj 

(j^j^Laj LJjUia CPU p' ^ ^'^alU ' ^Aiioball ^jl (_)ia^)!iij] . 15 

^lAiJLail ^AiJLobai] i^^Li]! (J£j.l]l 1^ Ua*Jl ojjAj ^jJa ya jA La£ 

.^}^1 ^yi\ U^ ^ILi-a]! 


Think CPU Think CPU Think 


Think CPU 
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‘Round robin CPU S-^j lU*j .16 

lAAjc-j (.5^^ C5^) ^ U^J C5^ .iijj i.-n^ j 

(j-a '(» ^_j*J 

‘Quantum cr^ ^jia 1^ 1 (>j CPU .17 

C^aj]l UajLl] (J ^ >. r-|-^ .a l l U«J1 «.lgjj CPU ^ 

(J-ajdl Ajijj CPU “—cs^j 0^ cl-ajdl (Jajj QuaUtUm 

.CPU A.^lji-a]l _j] (d-aail ojj-i (j-a AjjaiLoiSfi o^)^a]l (_]£j.l]l (j^ .18 


Terminals 
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(j-aj ^ (j>j (J_j]ai (j-aj U_S^ AjLajJl ^LiJl .19 

o' j^ .1msec -^j-^ Quantum O^j Oj^j 30 -^j-^ Oj^ 
ojj.i 5000 (J-ajJl ~'jaV' t )0 (]^PU 4.^lji-a]l oA^j 0-a 5 SCC C5^j cjUa 

^1. a.^\l 

CPU t^lk^a-a ol£l:a.-a ^Uaj 'AlSI /'\1 ^Uaj <JjaiJ ,20 

,ptFO U^J '_a.^\l (JO'-^ o'(J-alx- 

lOJjjuuljuui 0:P-^ (,5-'j '^'^' ^ ^Oaj ‘ ‘la*' ,21 

IOjIajoiS jSJaLiSj t^ilji-ai] j'Jajj'^1 t- ~a.^ ^J (_laaJl (J jA " 

JaiuJa]' Alc-^ O^ ^ ^jc- ^'-j (J^aC- (J jj~^j ,1 

t(!^ Enter C 5 ^ 

■Lffi^ <-^ l}j^j j' .ii 

0;l<ajai3 ' ‘ ^sjoiajj ,i_a.^\1 (3^*11 ^ ■ 

t(._j j\l-i/'\l (3-11*11 AjaV' S-'.^ljl Ajc. 3_s'^' .1 

,lia.'^ oijiu] Quantum (j --» >. ^-N -a l l cijll «.l.glil ja .ii 
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1- a ■ ^ /' ^ '/'. .22 

CPU (> (JaxJI ^ 2j.1^ c 5^ AjLiLouJl iijl.1^'^1 ^Ajli (_5jlaJj L_a,23 

Qucmtum tSjU^j .ijiiill (j-aj (jl “—(_5-5j J j 

.^lii ^li]l oli 

dlAiJl dlLa(j^ U^ o.^^C. (J£ jiij i_a4.>ajla]l .24 

ji bLal£ iij .is oijijj .ilj>i]l (j'-^ (_U*J1 «.lgijl (_gjlii]lj ‘Future event 

^J 2j.iaJl (J Cy^j (J^ tj AjLaluL<i]l A-ajli (J£j.i]l (j^j .25 
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.26 
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[c^) 1 ] 


^j^n^a]! ^ik^axj Jlla 2^1 j 


[c^l 2 ] 


^•;Ki ^ /'\i ^Uaj]l (_ji events “'*' jl lij 


[C^) 3 ] 

(J£J clock <iauaLa]l ^l-lkiolLj lillij 


[c^l 4 ] 

^Uaj p j ^Cj.laJl dllj^ ^Lajc.'^l ^ Cj.laJl kL^jiaJ Aijiall oi& lilli] 

.Sl£UJl 


[J^ 1 ] 

(J(Jj^l tJa^ (Jjk^aill dl'^^l (JliLa ^ 

'_Ix^all i^_ya kl^l ^ t- kl^l 

.Primary events ^j'^' Cjl.ii.'^l oIa 


[Jll«2] 

klL^ Cjj. 1 ^ (_ 5 -ijJ -iS 1 - a-^ (_jjj dl'^^l JJ^-^J cll '^^1 (JUaC-i Cjj. 1 ^ j'j^ (j) 

(J^jlc. (j_j^ LaAjc. lillij tSj) jtlallj'^l ^ i^ja dl'^^l o.ijA^ 

4^Laj dl'^^l (j-a .^.ic- (_5^ idle dlSj 


[c^) 5 ] 

o^jaill 1 ^ AjLiluidl 'Cajli i—ajjoi 
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[c'^l 6 ] 




-all i^\ ttillAiJl LaAjc. oiLijl 


(_Jxa]l (_jc. dlAiJl 4jijjJa 
cj.1^1 A^jj] 


[Jl^3 ] 

(JjSfi tJa^ dl'^^1 (JULall U^ A^] 

^t5^) ' (j-a aJ^I (_Pa*j t5^) ‘- a-^ (_^j (J_j^A 

lijlA^'^l AAfr tjli complex systems ol£l:a^ ^Lkj 4^j]l Ajt 

(illA sAAs^ L_Sjjoi lijA^ ^jc- dl^^l ^^lillljj (Ia^ ^^j 

<Cl^ sAJ^ a^li£ ,A<aJ 3 tJ j ^A^Lol^I dlLAxutJI AAc- (Jslj i~J 

_dlLa_jLi-a]l oAA Aja^j AjLiLaixi]! A-ajlUl (.5^ '~-®C5^^ dlLa_jLi-a]l 


[c^) 7 ] 

^jj£j ^jl (j^-aJ toAaaJl ^ '^A /'\1 CllLa_jLi-a]l (JlLaJ ^jjaj^)-aj (JlLaj oA^ (J£ ^ji 

^_j<a ^^liill (JiLaJ ' -"'JJ tdllija.^/' 4 £, j/'-v /' ^jj£j ^jl tij.nj 1^ JdlLa_jLi-a]l oAA 

^)jj.jj Laj^ oA^ (Jji F ^)j.jyA]l ^ji _A-ajla]l A^liill oAaaJl ^ajoil ji A^liill oAasJl 

,aJIj oAac. A^jJ Aji (Jaj La-a Q A-a^l oAaaJl ^ ^)jaiy<a]l 


[c^l 8 ] 

.Link(0 j' Data(0 i ^ji*-^' (^j ^ jljl' 


[C^l 9 ] 

^a‘'\l ' L_a_jjal 
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[c^l 10 ] 



ith {i+\)th ith ith 

arrival arrival arrival arrival 

begin its ends its 

service service 



a, Si ai+i Si+STi 



ith ith 

arrival arrival 

begin its 
service 



{i+\)th ith 

arrival arrival 


ends its 
service 





ith {i+\)th 
arrival arrival 
ends its 
service 


87 

















dl^jLa ^_jjai '.nl ^ /'\1 ^'A1 -14 

.1—a jx^DM ^, ~l-s .a l i ^Ukl -15 

,$.L1j 1^3 Af--i. ^^ -16 

dlLsuIalij Aic- dlljLjj ^Uaj -17 

0^1^ ^ jUaljl ^jfr -13 

4jai^ -19 


_Cllljljjai]l ^1 IA'/'V 1-1 -20 

. jLLuj CjljjUa ^jAxj -21 

Ajjauuj ^Ua ^Uaj -22 


duikJj liLLjalIjtjJalj pi 1A'\1 (J^ic. Ia^ ^^)j.1uJ p3 pj t^iLuJl aJILu'^I (j-a A^lj 

|(JL^ pi IA'11 ^iia V'll l-»l-i-^ /'ll c-Jj£l pj ,pUaj]l 


,2jA^I pA^j pU^ - 1 


_Jal >ulll pU^ -2 
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^Lula 


(JILLoi ^ CLloS al£l.^^l (Jj.^xjj ^ -10 

,^l!ll]| (4jajl^)!La 4^11 (_aj ■ 


(JLaC. ^ Y i^jA (JLaC. (_3J^-j^l (Jl^joJl -11 

?xjlli]l 


,2.6 I_a-^^' ^Uaj ol£La.AJ ''jaV'j ^ -12 
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Estimation Technology For Analyzing 
Endogenously Created Data 


\ V ^ ■<' $.L1j A^Lui]I (JLljJa^)x!Lail U'^'C5^ o 

La olSLi-a] tdlij A^l ^xiiC. ^jJ (Jj£^)<ajj «.LiJl (jl 

.'^1^1 


diL^ 




jl 0jLli]l (j^niui (Jjk^as]! lift O 

oi& JjlaL] s AiLiJa'^L ‘Endogenously 


Collecting endogenously created data .2 

jLlk'^l lift (jjiaJi] ‘ClaJj La ^Uaj] f.Uj 4jl ol£La^ ^Uaj jL^l (j^-aj Q 
pi L'ti ^1 ylS.! .IxJ pi L'll Lljl^)JxlLa p/'.^/'ll 

(jc. LllLa_jLi-a (_ 3 - 5 c- LjAiJl dll(Jj^joLl (j^-aJ ILLoi <jaijjd]l pL'll ^1 0^_jjdL Q 

dli ^^)^1 dLa_jLi-a 4 ^ 1 ^)>a d'^LiJl ^j>j ^ O^J ‘ 0 ^ 3 ^^ pi L'll 

.endogenously jla-dl isLa ‘ [Jl^ 1 1 ‘A^I 

d'^_^^JLa plA-N.‘u.'l ^)\iLa 3 ‘a.^.lx!La ( 3 ^)^ plA^duL ^"'1 •> jS. /'ll jl dLaO 

dL^ji.-a]l JaiaJ d!^->>Mx> jl COUntOfS dbl.l*£ p.liJLuJ 0 >jUjJ1 

[C^l 1 1 . [ 2 ] 

(JiLaJ (_5L11 j ^S1L»» /'ll Cj^'^ ^11 /'•'^Vl jjli ^Li 4 .a l lj I g ;j£-a-a]l dLaji*.>i]l ^ q 

(J^ild bliLa^ 4 jaijjd]l (d^aJl o^pS (J^ild ^^1 dl^)-a .i.ic. SlxS 

^ fl-\-\ (j-a ^_jix<a.a ^1 ^"'1 •> jS. /'ll ^Lid Liili ^1 fi Lij.l] 4 jl (_).ial^)j 3 Lj Q 

(_JJaa_Ll LaAjfc J ^ p 3 j ^^1 dl^yj .i.ic. ^ja.^/'ll G.(J,^ ^.^'»11 id_jjai d^ 

ol£l <>11 f-l^Jlil Aic. .A^lj jldaj aljj i—ajjoi ^ja.^/'ll ^ 1 ^ j^l ^^1 j.^'»ll ^jli 4JI dl 

:<^\ c^j^J p(n) (^Ldk '^1 ^lii^l 5jjjjll ^jli 
a(i) 


p(i) = 


i = 0 ,...,n 


.^1 si£i^i t>j rd 


90 



(_jc. LAN ^ «.l^i Ajoilj^ O 

(J£j^l La£ tA^j^A® ^o.i^ (J^ L_sLjaJ f.1^1 (jjjotijls 


Node i 


Node 2 


Node 3 


."^11 Dep 



.\1T 

Dep 

.\1T 

Dep 

X 

X 


X 

X 

X 

X 


X 

X 

X 



X 


X 



X 


X 



X 








ujAjj (_ 5 ^j packet ^ jj^' J_?^j (>»j ksjax^iJl ^ja l}j^\ ujAj o 

(J_j]l (j-a j Lj (JAl*3 ‘L ?• U^ j _j-aljdl 

(_]jlLa]l cJj?’ “'‘' ^ -^jc. J jD. ^/'\1 e)_s^ 

^ ojSjla]l ClLajLuJl JjN'i; La aSic. COngCStiOIl ^Li.^j'^1 kilj<a lij O 

[^^Ljajj 2 ] .Clllija.^/'\l 


Transient states & steady states SjjUIIj SjaIuia^I cjVUII .3 

simulation 


^Uaj Ajoilj^j dlLa_jLi-a]l (_A-aJ AjLsdl klLiJl clA®:) O 

.transient states sjjLdl ji steady states sjiLoJl U 

«.Aj ‘- . S \l-i» /'\1 dl'^^l (Jf.lx<aa.j U O 

klLa-a]l Ci'^'^l ini tial condition ^ j^>2i]l .ij.iaj ol£La.>dl 

• [ 4 ] 3 ] ‘ ^jLaLa 

T ■^*-^_S to^Lsdl klLaJl ^ 21 ^Uaj L ‘ AA®3^^ 0^;^ Q 

.o^jaluuJl AjLaJl Ajj '/sKl 


91 



Transient state simulation SISUaII ^ SjjUJ) 1.3 

Ajc. ji tLa ^Uaj] Ajc- ■" o^LsJl dl'^LiJl O 

(Jj'^ ^ Ale- Ale- ^)\iLa3 ,AjA^ ^Uaj] A^IAjjI ^jJaj 

^jj£j LaAje. ^iliLaS ia^^liuha dl'^L^ ^Uail] LaAjc- o^Lstll dl'^L^l ' ■ (_jj)jAjj q 

_o«.1a 1 ^jjjotij] ^J**'*' pi 1 a'\ 1 dl'^LajlAj LJjLij]! pi 1 a' ll 


Steady state simulation SISIaa^I ^ SjSIuaaII tiiVUJi 2.3 

lAAjc. to^jaluiA]! d'^LiJl ^jl^'^l plA» /' ol£l..i^ pUaj t-'l ■" <jailjAj (JjI^ ^ O 

p i 1 a ^1 1 1 ^ l ^ i ->■ ^^sIluLll 4_i3l^ ^ 1 ^ ^^1 ^1 1 ^ ^ ^ ^ ^ 

;;jjlaj^>ia aLojc-I ^ O 

dUUi A^jj ^^\ empty system ^j'^ ^'-2^ ja c 5 ^j^' v^ 

alSL^^Li $.Aj]I 


1 ^ji (j^-aJ (_^Jaaj aJjI Jaj^jjoU f.AJl jA 

p i Ui’^l i 1 ^ 1 ^ ^Ir-- 


[c^l 5 ] 


^ li»‘' o^Lstll ^L^Lj a . d 11 dlLa_jLi-a]l jj>j ;j^lS.‘'ll t"'! /'ll A't-- i. q 

.^IAjj'^I Jajjjill oA-aiuxj tg-j'^j t^Ualll (_3Jc- Ic-Lllajl 

(jjlaj^)]a]l ^A^j pi ’'S.‘l“'l (_j^-aJ o^LslII ^LiJLl A . d -x 11 ^"<1 /'ll ^i^lS.'!!! Q 

-"11 Aj-a^ ^jli 4jj^jJa Adaj o^pa] ^^1 ^ -"H (JjjuaU 

•"_j ‘^ Ia^)^Ij (jj^ i—a o^IjlII ^LiJlj (3^* '' 

^^1 ^ /'ll (JjauaUJ lillA to^lsJl o^pa]l LllLa_ji*-all (Jjj^^aiJ L_aSjJJ ^ 

4_ll<a^ pi 1 a' ll dlLa■ ^-n.*'' 1,\^ IaAjC'^ a^)alLaL<a]l aJL^I ^^1 

^dlLa Ja C5^ 

^U]l Jj AS ^Lk^l 0l£ lAj La Alj^ ^ ^ JA ^Lill ^j]a]l <Kla]l Q 

oAc.La.alLaj A al'l-^ /' AAdj dlljliS ^^1 ^ -"H (Jj» >u\l lillA ^1 'A^a'l.n/'ll 

Ajixij SjjSj Adaj ojjS (J£ ^"'1 •> jS. /'ll AjjlLa .. ."^Ti 

^LiJ pi L'll ^ \. 

. jI^jaLoi'^I 


Adaj ojliS (j^ o^)J3Lx.a dlL^^ji^l dlljjij ^ ■ ^‘1 LaAixS 
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Estimating techniques for SS SjSI-iaJI cjVUJI cjUjSj .4 

(jl (j^-aJ dlLoil^l 4£. ■« rAja‘u.'/'\l dl'^LaJl ^jja'i' ^. ^aj q 

tmean jiall cjLol^ !;!liLa ^ Jj^jLa] 

CjU j^\ ji t standard deviation c 5 j^*-^' 

^Ij ji (JiasLi] ^Lala.'^l ^ jA ^ik^adl A «ag «all 4^^^llLaS Q 

La W (>j ^ j' ‘ili«-a]i A^JlS JLal^'^1 

t ^■ nL'/' ■" (J-aaJl dl3_j] A Uii'llL 


^1 ioujjlAi Jl^ • i *4 

(JjaJLdl Jajoijl« !■_ ll >u^ ^ tol£La^ ^Uaj JC„....‘JC3 ‘^2 ‘-^1 ?• J"^ 4)-^ O 




1 " 

^=-Z-^< 

n i=i 


^gjgudi (J^jLja^l L_al^)^'^l i- ^ '' *■ ^ Li.n jiai] Aij]! (JLa-a (J 


O 


Sd = 


1 r 




2 1 

Sd=- 

n 


n I ^ ^ I 

i_ Vr ^ Vi=i J 

-1 ^ ' n 


:^:^1 ^l^ieLa.L 


‘ ^‘'-N. /' .Ti /' j) Q 


I 


J 
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jc-1.96^,jc + 1.96^ 

Jn Jn 


[c'^l 6 ] .^ 95% 

‘99% (.5^ /' tAiiJl (JLi^ Jajoijia]l i- ^'' Q 

I3 j (JLi^l 4jlj AiiJl (JLi-a (_jc. ‘90% _S ‘95% 



[c^l 7 ] 


‘(J>»»;11 1 g ^ 4jajljl« _ ^X'i ‘JC 2 ‘^1 Clljl£ lij La Ljaji (j^-aj 

.l^jlc- A/aiu 1—42 Jh (3^*^ u' ^ !xLia 

^Ia^JIuiL Jsjoi jLa]l ^.^a^ ^ ^'' ^ lij 

X = -^X, 

n ,=i 

;43Li]l L_a_jjal iVji Jajl^^ (j>J 3°^ '^' *■ _ ^'■^\ 

.autocorrelation function c^Loi^ (a 

.batch mean (»j^' (b 

.replication J j^' (c 

.regenerative method ■^■^' (d 
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autocorrelation function t^LoLa. (a 

^Jc. expectation ^^ itJ' jUy j fiy; j ‘oip 'Y jX o 
jiill ^Jc. Y J X (>» o^y J c/'x '-y-^ O^J J^' 

^l-ikioib covarianceJajljiill cjLol^. 

c^^^ = e[{X-/iJY-m,)\ 

= e [ xy ]- m , m . 


X J ^ jial' -5^jiall E(X) ^ ‘ [c'^l 8 ] 

;Llijl£ lili t y J X OJJ -2=^' Jil' Cxy J^J o 

jla Y jX Cxy =0 ■ 

‘ J^ Y J X ^jli Cxy >0 ■ 

.CjJLul J£Aj tjJajIjl« Y J X ^jli Cxy <0 ■ 

_ jiUala Y jXo^ jaJlJl tjli ■ 
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O 
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S.: ^ 


Xn...^X3 ‘‘X2 ‘Xi j^\ Uj^ O 

JjSfl 2;jj J^J .(Xn-UXn) ...x(Xi,Xi+i) . ‘(X5,X6) ‘(X3,X4) ^(Xi,X2) 

Jajljlll Y X jiJLa ;j-a 

:^j c5jU^j autocorrelation function 

X(x,-x)(x,„-n 

V (=1 (=1 



X = 


1 

n 


n 

i=l 
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batch mean (b 

^j Xfi-.-.^X-i ‘X2 ‘Xl jxlxuaj ^JiC. Jsuaijla AaIxj q 

(jl (^\ Jy ^j-a ^jLoilxj C5^ ■" (J^ 

<‘Xb+2 ‘‘Xb+l Xb-.-XX^ <‘X2 <‘Xi ^Jc- l5J^ 

[C^l ] -'^J ^X2b...XXb+3 


*013 X —^ Jc ( ^2 J j/'-v /'W Jajoijiall ‘- _'' “'*»■ Q 

|432yl»Jlj Jajoit'Oajl^jlLa i" '1 li. njia]) jji 

— 1 ^ 

x=-yx^ 

^tr 


Ljjjotijj o 


,2 _ 1 

~ k 


Sd=- 


f k _ \ 

V <=1 


Aiii]! (JLi-a (_5-5 c- lJ‘ Jc -5 u^ o 


/ 




X-1.96^,X+1.96^ 

V '\lk '\ k 


[C^l 10 ] 
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replication j' j^' (c 

0^ (_jc. Aij^)la ^lAiJLailj Ailill (JLi-a ^ _'' Q 

Jajoijl« !■_ )\ i.u^ ^ 

\o^ yi ol£La^l .iaij Lijl o 


Xi„....‘Xi3 ‘Xi2 ‘Xii :''- j'j^' 

X2m--^X23 ‘X 22 ‘^21 j'j^' 


^nm**** ‘X „3 ‘X „2 ^Xnl :n- j'j^' 


;4j2yl»Jl ^lAiJLallj (_]^ ti.njiall t ^ '1 .n-s, Q 

1 " 

m 

;Aj1Aj (_Ja!Laba <_)£ ^jl jIjjC. 1 Ja^oi jIaII ^ ^ai Q 

— 1 " 

x=-Zx, 

n i=i 


J 

(J£J o^laJi ojja J iffl (Jjia !■_ ll i.u-\ ^ (j-A^ 4 K),ma11 

(_5^j !■_ ll > 11 ^ ^ O 

Ajc. 4j3l£ oAa jUalj'^lj .Ijili o^)a (J^ ^ aVi-^ /' 4^1^1 olSLi^l ^2a 

^ (j^J j»''‘ ‘'2 .Ijiiill 

(J jj^ _j]l Ajc. ^llill s.aJ 1_5 oA^lj a^yal ol^Li^l 

appall (jjjaj (J^yLk Apjlii a^)A ^liill ^ (j-®J a^-i^-a ajlia] lillij 'Aja'u.'/'ti 

—as^pli ^ < A 
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regenerative (d 

AiiLouj ^jJ aj^ ^jlA<aJ*j j Jajoijia ^jl ■■' 1 V o 

A^ajxj Laj^ ta^ Alilxudl sAA Jaui^ _'' ^ 

/oA^lj o^)-a] '/sKl ^ /'\1 Aaiii (_^^)ia ^jc- <ialjauj aJ jii ^_3-5c- AjAij]l Ai^jia 

‘ [c'^^) 11 ] ‘'^j'^ ^Lki]l Igj j'^1 1 ^ ... t ?2 ‘ti ‘to o' j^ o 

2 6 ^j tl (>“j^' J 0 ^ J J^\ ijj^^\ JjikA O^j to j^Ji 

,D^yi (Jj*^ ^ pA-N. /'\1 ^‘ I_ ix^l (j-a 

IgjJaL ^LouJl (^-ajouj ‘regenerative points -^'-^ Jalij]l oaa ,_^-axaj o 

jA La£ ‘regenerative cycle sjj-^ ^jlill aj*j 

: Jlill ^ 


Number 
in system 



J!^j Xin....^Xi3 <‘Xil <‘Xi\ ^jiajjil] o 

(jlA^l (j^-aJ .jj^AaII Jl:a-d CIjL^^p-a]! AAc- iyi^ (jl ^jAajjiilj iti+\ J t\ 

.'Oj' iAjIjjAII ^jC. <iALaba •> jS. /'\1 oj& jjl 

; ^a ]1 J i jjAII ^ J<a-N<a Zi (j^ O 



V.. 

u 


• ^^ilsdl plA-N.‘u J ' ^jIaII Jajoijldl t ^ 'b O 

1 M 

‘ Sz. 


z = 


Mtt 

1 M 

V n. 

mU ' 


%K1 ^ /'\1 dlljjA Llll^)-a AAc. M ^*' 2 ^ 
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u'^'^ o 

ol£La^l ^Uaj Ljajl '/sAji/'ti J *■ _'' “'^ (_)^^)*iaij 

Probability that the J'^ (^'3^' J ^y?-j JL^l (a 

.random variable lie in fixed interval 

.Percentile of random variable J^jidl (b 

.Variance of the random variable J ojWj (c 


Probability that the random Cy^ JjaJLdl JUia.! (a 

.variable lie in fixed interval 

^ ‘ ■'»' dulii (Jl.^-<a ^j.'OjJa (J(jl^ )^] Q 

JajaiyLdl L^Lol^ 

I ' (ji (_5 j 1 (J_j^JLa]l X tLJ_jl]adl (J1 •N.all / ljj.ll O 

;? = Pr(Ve/) 

jjoiaJl (Jj^jLail .'vVn (J^ (j-a <jjc- N ^ toj-a j|//'iKl ^/'\1 .l^JJ J ^O 

^jli lij il (JLi^l (j-ajxia ^aj X jj.ajdl (J_j^jLa]l UJ^ .1.1c. V,' (j^Jj ^X 

;flj i^^\y!Lxl\ JjaJlJl ^ijJ jit, p=yJX 

M 


1 M 

P=i^P' 

M ^1 


•4 j 111 *JIj ^jlja.A]l t-JjotiJj Q 


V = 


M 


1 , f M \ 

-[S(P. P)^j 


_al£l^.all jl t _ '\l-.‘n p ^jLol^ (ji cl 
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Percentile of random variable 3 *^' J(b 

^^^iLaS (Jjlij ■" (JAj_j1a] 1 t_Jjaij]l ^ Q 

^.lij (.ji) 'Cjoiaj S '1 ■^‘'..'Vl (j-aj (j-® ^^j_S ^Uaj] S '1 ■v‘'.nVl Jajoijia ^^)x-a 

. [^Liajj 12 ] CiSj Jai Cl'^^1 2j-a -i-ic- 

lOOy^^ ^_jldl4.ijau]lL_a^)*j ^f{x} ^lii£ ji ^tij X j^aadl (Jj^JLall Uj^ (j^ O 

(j^ ojjj>.£ai^l A^LouJI (jl Xf] jjiaJI (J jiJLai] <-®^ (Js^ 

;(J£j.1]Ij (j^ l-®^ iP <>^1 (_5jLau jl (Ja'yi^jc) Ciajj xp J -00 



‘•^/2 ‘-^n 


4 i£iuLX> dlL^ 




Uj^ oj>j (_]£ ol^Li^l Ajijj LLas <jl o 

^jLoLi. ^ajj UAjfr Xij<Xij+i uj^ oIa jh jail] _7yU^^ xin-.-'-xb 

^l^iJLailj Jajoijldl ^ _'' 2)^- Xp _jjiaJl (J^j^JLal] lOOy^^ 4j^ji<all4jjau]l 


Xp 


-±y 


(0 

Xp 


Jja.£aiJ] lillij oj^ dll j-a %K1 ^ /'ll .IjijG ^jldl 4jjau]l ^ajjaj (j) O 

;>• . l>j ^_j1a] 1 4.iuu]l ^ _ '1 “'^1 lil to jLadj 

^ ~'j®"'ll ^Ig-j 'AKI -V /'ll f,Aj (j-a ^"'1 •> J"^ -"11 (Jji-iaij 

Jj >f--l l''\\ j-^ -"11 ^l«a-> 

[c'^l 13 ] 
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Variance of the random variable J(c 

‘JC(2 ‘-T/i ‘daluL« Ijj^ oj>j (J£ 0^ M ^ iLaS lijl Q 

J£ ^ Jajoijldl ^jLoLi. X,A?....‘X,3 


1 ^ 

a 4 e 




X^J 




1 M 

^=—Ea 

Mtt 


;(_5jljaij idiii (J£J (_5jLj*-a]l u' cs' O 


V (0 


V (0 


J_ 

V 

1 

V 


I' N 


VM 


N 


Eu'y - 2 //v,^ +//') 

VM 


\ ^ f N \ 


1 

V 


- 2 //,//+//') 

VM 


AjQ nti ^_jj 1^1 Jajoi^^lLa (_jjl^l (^\k lij Q 


1 2 'i 


= 771 S 




C 7 ^ = 


1 I ^ 1 2 ^ - . 2 


E -E 

Mh‘[^Np 


X 


ZA 2 «+—;« 


MNtf M 


CT^ = 


\ M f ■[ N 

MP^Np ' ^ 


jL^ ji CIjIjj^ jW^' to^lj 0^ ol£U^l O 

L ^ il m-N. 0^ 4 \q*2 111 ^ 
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Estimation techniques for transient state SjjUJI jjL .5 

(J(_ 5 - 5 c- (J^IJaj] o^Lstll ^LiJl ,A<iUxj Q 
0 ^ (J£ 1 0^_jaJl ^ io^ dll^yj ol£Li-a]| .Ijili o^lsJl dl'^LiJ] 

_^Uaj]l ^)iLaiJ ^ji (_J^ ^ Cy^J 4jjl.ilj'^l Jaj^)j.^l ;J .Ijillj 

^Lja'^Lj to^LsJl ojja]l (J_jiaJ AjSIS C5^ p^ UJ^ U *■. O 

.ijiii]! dll^ 4^ (jc. 4^1 j 4j!)laljail ji 4^1 Jjic. ^JM ^ jjl lilli] 


Pilot experiments ^jVI 6 

4 a'iti J ^ ^jl 1 V t4iii]l (JLi-a t _ <1 0^ L3^>^ I u^i ^yLLoii LijJ u'^' C5^ 27 

(JLi^ ^ Lal£ .Ijiiiil dllj-a ' /'Ka i .Ijillll ' ■ Xr, i u nl Vij 

A^\ 

o^Ij j ^lliJ L_ax<aj]l 4iii]l (JLi-a (jiajiiJils 1 / \/A^ t54jjau]l (jl j3 28 

JL^ LaK J 1/-V^v= 0.5(1/'V^) eJU^i ^yj jlj^i 

O^ljLaK 

A^ dll^yj (_5lc- 4.ji pi IA'U p ^ 1-^11/'J plA» /' .29 

tj-* ^ liUi] t4_l4 /'ja ^_jic. liUij AijJaj 

4ij]l JLi-a !■_ ll >u^ ^jc- N 2 4jt3jlLall 4 ."jail pi IA'11 p^j.ljac.'^ 
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[J^ 1 ] 

(_J<alc. ^_J^_5 La (j-aj t^ik^axj La 4j| (_Jja*j dll^yj ^^)x-a ^iLLa 

. ... U:J*-^ 


[J^ 2 ] 

jUajjl aj^ dllSjSfl ^ J}'^'^ •" “'LIj ^1 (_Pa*j U^j ^ _'' “'^ ^LLa 

(j-aj t^j ^Lja'^L 


[c^) 1 ] 

;4 jll'ill dlLap' ’'A'unl ' ^1 jl-i»‘' ‘- _'' “'^ Jlia ^ 

^(^(_J]a*j]l dl3j^ jUaIlj'^1 t- ~a.^ ^J 4j^l (JU^j * 
dis ^jA ^ Cy^j * 

i_yi^ ^.'' “'**■ ^ja.^/'\1 cLa pAA'un*' 'Al^l ^ /'\1 $.l^Jijl Ale-j dlLa^^Ix^a]! sAA Lia^ 

L.al^pj'^l j mean ^ Cy^j <-!^ diLajLi-a t^Lui^j tdi'^'^l L_aajj 

jJ-uLili J Standard deviation 

[C^) 2 ] 

(JAjc. (J_j]l (j-aj U:J3^ ^aL^I 4^_jix<a.a ~1 aA‘uh 1 ' f.lij^'^l (j^-aj 

4^ja. ^/'\1 /'\1 ^j-a^l ^j-a ^ oASaA] 4^j^l ojAli-a Ajc-j toAi*Jl 

1^ 4^ s-laj (j-aj LS^ d‘ ^ja. ^tj]l (J_j]l (j-aj U^ t5^^_S 

ja. ^/'\1 


LC_-s; J 

,4^1Ajj'^1 Jaj^)ji]l ^ ^jl^'^1 (j-a ol£Li^l ^lAl Jjjuj Lt-da 


[c^l 4 ] 

^Lill LJ_?^_S tAjjlAjj '^1 Ja^)ji]l (_jc. ^^liiuixj (j_j^ a 1 a '\1 4 jj^jja o^pS ol^Li^l dbaj IaI 

, 'J' oAAi-a ojJjLx^a AjLa j oj^ ol£Li^l l 1 ij ^)^1 (JL^ 
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[c^) 5 ] 




>UallU 


r 




aXoc- ^ jjj 




r-^ -_? 


[J^ 1 ] 

(JjVl iJaSs (_]j>-aa]l Cll'^^1 (Jl!La]l LilJ ^ 

_(^l^^^yLk-aj (^1) '_Ik^all (j-a (_Jia*J (^1) i_(J 

.Primary events ^j*^' ilil.ii.'^Lj ilil.ii.'^l oIa ^si lIa^ 


[J^ 2 ] 

aJL^ jUajj'^l t- ^ (JUafrl 

(_J<alc. (j_j^ LaAjc. i^i_5 (^^ix<aJ C^j) jtlajj'^l ^ i^_ya dl'^^l o.ijA^ 

c 5^ idle ^j 


[C^) 5 ] 

,4.JIj] 1 o^)aa]l 1 ^ ^ '\'a‘K.'/'\l ijjiA^'^1 <.Ajl3 L_ajjoi 


[C^l 6 ] 

a^yi .liijj Ajc- ^1 ,Jajai jl.a]) ^ _'' Alc- AlijA^ (j^.a.ali Ua^l Aij]) (JL^.^ ] 

. 0 }^' JL^l oAA 95 %) u^ 


[C^) 7 ] 


^^^joiLiSll ^ 


1 ^ 




id) Jal.ij A iiO ' ^) c ^'). 
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JV 1 

c., = 'ZiXi jUJiJi My) 

rt=0 


[^Ljajj 9 ] 


[c'^) 10 ] 

(j^jjJa UJ^ b dlLijaJl ‘- _ 

Jajljj]! ^Ij ^1^1 ^J (_3J^)ia (jc- ]y <<a^ jLjikl t^UajljiLa 

La ‘ Jy Aj 3 (j_5^ (. 5 ^^ ^ 0^_S 



[c'^) 11 ] 

^1 ■^_5J It jli ^Uaj]! ~ ‘'•^ ■" I 9j>^a]) (j^ cll'^LiJl ^^J 

.1 _ 9j>^a]) 


. 95% (jc- La ^Uaj (_ji (Jaj ji 4-1^ S '1 ■^•'..'Vl <jjaij !■_ il i,u^ ^ !iliLa 


[c'^) 13 ] 

jxjj dlL^^ji-^ii] j'-■';^j^ ^jlall 4 uii'ill ^.-a^ LS^ (J^-^ (Jj^<a] 

_S 'j\Li/'\l 4.^)^) ^LiiLoil j\l-i/'\l Aiii]) (J^-^-^ ‘- .'' “'^ ^ 
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^Lula 


(J“' ^ CLloS (Jj.^xllj ^ -13 

:^^Li (jiij 

_(_laaJl o^pS (^_S oj^ AjjJaSj (_j.xj^lj dlLa_jLi-a]l ^ -JJ 

L_al^j^'^l j Jajoij!La i- _'' ^_jaj AjLjalj ^ -1) 

L_sl^)^'^lj Jajoi j1a] 1 t-Jjoi^lj to^lc. ojjS 1^1 ^)J^lj o^yj ® • J 'AKI ~v /'\1 .Ijijlj ^ -Q 

L_al^)^'^lj Jajoi j1a] 1 LjJjot^lj to^)aluiA]l aj^ 1^1 o^j-a 5®0 olSLi-a]! .Ijijj ^Ij -d 

^iA'^\ /' (J^joi j 4iLui]l 0jllli]l UJ^ ~Q 

'^ ^lH]) (Jajoi j1a]I ^ \ JajoijXa ^ _'' 

,4iljal]l 0jlli]l ^ 

(_Jia*j (j>j 95 % AiiJl (JLi-a t-Aui^l -g 
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Cjlxj 

Simulation Languages 


.1 

^ Cy^ '■. ^Uaj pJ■" ‘ -lie- 4j| A^Loi]! (Jj ‘ O 

LaJ ^jl (j>j 4£. ■" 

_jaJajla 4£. 4^1 jjauJl ^jJ 4^^^ 0<al^ O 

/o^.l*ia yjjJ ^1 jJJ 4£. jjoiaJl ^jJ 4^^^ O 

4£.Luij ^jj] 4^^^ O 

.4j\ya‘'.n/'\l 4^la jj>j ji tillAiJl O 

.4j\ya‘'“'/'\l lLiIa^'^I 4^lij o 

,^lli]l jl^Jajj O 

li-^ VI L ^llli]l 4jailj^ ^llij ^^pjoi La£j Q 

o^A (_3Ja^ J-| —|- jl (^-1—|- C lS 4jlc. 4.a^^)Jl dlliJ ^l^iJLailj O 

^1 pJ■" ‘ ^‘' (j>> 4 . ^1 4 j-v plA-^'u.'l (j^j “'.' 

_4.a^a]l 4j-v (Jjjk^lijllj (J(jjAjj 4£.^)jaij of.li^ 

4 j-v oAA (_jc- 0^)^ (_Jx<aa]l IAA (_)^^)*iaij L_a_jjai Q 

_l^lAiJLailJ l^Jt-a (_J.xjlji!i]l 4jaj^ (Jjj^lii (J(jj-^ (*3^^ 


CjliJj ^ ^jlLi 2 

4jlc. 4 -v ' c"ll»1 ^l^iJLail jLiii.'^l _jA pi 1A'\1 p . n >. o <> 0^ _J^ !■ _ 1» > ^ 1 ^jl Q 

Ljajlj j\l-i/'ll n\^\ -s. /'ll pUaj pj-" ‘ o^yAl^ 4 jp plA-^'u.'l ^ jjjoba]! 

4' jiii/'ii 4 A IA'1 1 p.h 'V 14 ^^y^l ^1 y 1 

;4jlj]l dll ol£l.i^ pUaj pj-"-^*' ' 4 . d -X11J o^yAL^l 4 jp -"jjll _jj«a'nj o 

i [^Ljajl 1 ] ol£l..i^ pUaj 1 _'l l-»‘lj 0 jA^ 4 jp -"jjll 

.l^ajad] (j^j^^l a^-^lj ids_j]l (J^-*-^ lJ^ 

(__ljail_La cJlall jl 1 aA _5 t^yAl^j A^lj (_J-afr tJlSj (_]-afr jUal 

.jus'll IIa (_5jluball 4^lc. 4.^^^)^1 dlitJ p^ai 1 -"'JJ (al£L^^l pJaj] 

^)jjij]l J (_]ja*ji] 4 Aj 13 pUaj 4 jp -"^.'^1 ^ 

.l_l£jjLajJjl f 11-»-^ VI 1- a1 ■" 4jp ' (JjLoij 4 jp -"^.'^1 ^3^^ p-iAl 
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I. _ ll _Uui ^ jIiula]! I.'' ll » 1 pA-^'wn*' '/sl^l ^ /'\1 plA ' ^ (j>> o 

■" U^J ‘C5 jIuia]! ^Jlc- 0^)^ ^ 

J?’ 

‘ ^ dill (j-a 3 ^ ■"'''' (_5 jIiula]! ^ ^■'~ 1 l»l_l S ^aJaj]! ^jj ^ 

/o_^L^l ol£Li^l oAklii dili]! HijlLa 

(Jjidllj jIiuia]! ^ c" ll»1 ^ 

_4_i^ld. L^l j2 ^j^LjJa 'AA/'\1 <* 

^ jia lift j jlll AjjJa^jt !■'' ll »1 J-|—|- j ([^-|—|- ^ I." ll »1 ^jj ^ 

^ldlLa.1 Jj oL}^^' t> JiJ^ (> S>bJl ^>1] ^1 o) > 

jIiuia]! ^ ' c" ll » 1 


t iu lA l 3 

La jjjdoi ^ ^3^^ 1 . ‘o' '.^1 3'‘^a‘'\l ' L_is3^ LS^ O 

^'dald. aj 'l-i‘'\ ji 4^lc. ^3^^ C)^ ^jLLa • 

. •"^■^' ^3^^ 4^3LLa] 1 3-al_jaJl • 

CjljLji^aMtl ji j&V A,.t;xAj^l ^ji^Jl ]^3 

ol^Li^l t" i'»^ “' L)^-3^ C5^) ''' ^ pL'' ^ . d \1 <*j-v -"^3' ^3^^ ' aL^'i o 

^Lk dliiJal ^liJl f3^' (^^'j ‘Simulation languages 

.application-oriented simulation 

dl3_j]l (_Jjaiij LJ^jUaxi]! a L'^l 33^ ' 4.Jljdl 3j-ajj ^ i." ll»1 • 

.Aiill plA-^'u.'l ^ C5^j dl3j]l (Jjiiil lg-j£lj CJjUa^] ^Liaj 

jg >u_l 'AKI /'\1 33^ ' plA-^'unVl <i^jai l^L 3J'daLkJl ^3^^ * 

L»aa 3:^^^ 3. ^ ' i 3 

^'C ?• •"'J. 3* ?■.' dllsd jjjL./' oj^'^1 dll_jlai]l J^iLk. 3^J O 

Sl£l^l _j ‘ ^1 '<*- 3^ ^y^ajc- ^1 L_aAa.j ^Idaj (_jjijLa]l ^l^kloilj _jjai^l ^lAkloiL 

l^^ldajj 2 1 . ^1 dlix^al jM _jA^3Uj ^ 3^-^ 
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2.3 

^^pjoui]! (J-al_jaJl 4£. LSJ)"''^"' O 

;j£-aJj 'AKI -V /'\1 ^Uaj (_ji ji jSLoiJ jj^UaJl j idltitiCS ^ 

,2iliLa jUa<i ol£l.i-a ^Uaj o^Ua]l jl ^jl 

CiLajiji-a]l ^j tCiUIg-j j;j-a2 CilL^l j iattributcs 

, jUa-a 

«.ljjl CiUJ ol£La^l ^Uaj ^jlJ iresources -^j '^ 

^ jUa-a ol^La^ ^Uaj ^jl^)jia]l jl jLka ^ ^1 jJl .^Lk^l 

j^ ^jl 3 -a]l (jj^ LaAjc. ClU jUaljl (j^Lal t^J iQUCUCS *—® jix^l 

ji LJpO HFO oIa jla 

jUa-a]l ^jA-a dlljjUall jUaljl SliLa jl (_5^L^a^l t_J^jj]lj 

. jLka ^ 

(j^ 4^^)!Li<a]l (2al^j*A] 4jiLal 4£. ■" L)^ O 




<-ila,^U 


1 aja.^U 


S»Ua 

LL \\]^\\ ^^Ij tAjeJaall 

.>JLa*JI cCjV/Vl 


CllVlj-ail 

^Lujj 

c^Luj^l 

_t-lajlj^l c.iax!l 

buffer J 

jUa-0 

o^Ua 



queue ‘-i*-=> 


jjjJ t^Jia 

£4 qKH ^ c^aj^l 


queue 
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Ai^jJl ,4 

4jLl]l sAA ^!La^ ^1 ^ (La ^Uai] ^ AJtJ Ajc- Q 

^1 Cllllx^a) cAA ^ ^ CllLik^al 

'.LS^ '-^ 

^j<aaJl _A 

^AliiaJl j dlLia^l_j<a]l olc-l^j-a 

4^^*^*'-" ^ojA3 

.D 

_oAc.Lui<a]l (3^^ 5^A^ _E 
,^lii]lj ^jlij jlAx^aj ojAS ,p 

_5^a 11]1 dil^jai]! dilax^l_j<a]l oAA (_j^^)*iaij l_ a_jjai q 

Aa-a^j-wtll -A 

L p i Li ILa ^ ^Q*A L *' n l ^ 1 A La p i Li y ^j‘a-N. ^ Ajtl o^A3 ^ O 

^ jjjoui]! ^Jlc- (■"llatlj ^Ljaj 4j'l^ A ' 4 p. 4 Jl 1 •pi f'i'»>. 

4jl1 (A LIiA^ ^1 3/°^’' U-* ;jj-"-"‘^-"^' (j£-alj^ C (J-L> 

;4jLi]l (_)^ajLk^aiJl 3°^*' U^ ^. '7>-J 4j^)-a 4 -v 4jl1 ^ 

(<1 • ■'_' Ajj';^1' (_).<ajLa<a^ U^ U^ *• . '>j ^ 

, Ljaji 4^LtJ) dl'^ 

if-then-else dLaJji^i ,_4^ ^ u' 

dlLajjjlii]! (JiLa oAa*-a 4_ljJaLlj jJ j 4.jjJaljj d'^ALi-a 4 p. ' ^Ir- 4 'lall 
dlLjLlJ Ac-l_j3 4 /'pVail Jaj^)jaa]l ^3^_S p^^*' Jaj^)aj «.Lijj 4'lall y/' 

.^ll 


easy of ^lAiJLai'^l ^ 4:^^i 4iJ ^ u' ‘• . '>.] dlik^l_^l pAl (j-a q 

^ jiaJ 4 ja^jJl dU] p-k«^ (easy of learning f^' (A j uses 

. 0 ^jfJl ^ cWd] Graphical user interface 
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Laj CJjoiLLa]! jL^.^1 dlLik^l jM La ^ Axl jLii^l Ajc. Q 

I^^La ale-^ ,^A^JLaba]l (_]]» >'tVlll ^ 

.windows j' ‘ L inux ‘Unix t> ^-li^LoLd' Jji^l ,aLkj 
.IBM Compatible 6- j' Apple ^ jj 6- ^ 

_Uj.lijjaUl]l RjAM ^ 

,^aAijjaLA]l jl^Ja'^1 oj.iaj ^ 

_Ajj3j ^Lla]! Ac.^yji y/ 


4.£^pkILa ^-lij *-C 

a IA'W ^_jjaij ^Lij ^_5Jc- ^ <> 11 4 .^.^Ajtl ^Uaj oj.i3 u) o 

Ajtl ^ Jjj ^jl ‘- _ J .il^)-a]l ^1 

L^jtSl_j<a_5 1^1 _jil_5 Ig 3t^i ^ ^y*2j dlLj^j^jl ~a-n.‘'.h' ^ ^«-tjj oj.i3 Q 

^ l1i'^ _j^JLa dlljjij ^ ^LlilLj 0-alj^)Jl (djijjJ Aic- (j-a^l 4jiiLi]l t5^ 

Ua*-a AjtSlj (JLaJ ^l^iJLail bLLa^ La c)^-^ 

jLuba]) La a.^La ^ _ '^Li .^jc- 

^ C5^ 4jii]l oLa ^j^'ajJaJ ^1 Q 

^.ikluLdl (jl du^j t0jlii]l (_3Jc- (J^ cAaLklll (JjLoij >/ 

•> J) p'/'.^‘'\l a ji'd ^yfr 
' Li-^ VI L a ^ ' (_]-iLai^ ^ 

A ^ ‘ ^ ^ Li» ' ^ lij La jL^Jaj (_5jLaij 

.(j^.liJLaba]l (_JjLaij 

U.)'" cJaLij]! (_5jLaij 
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A_u-aLiJl -J) 

(JliUij 0 jllj]i (JjLaJij ^jSj (JjLoij ^Uaj]l (_ 5 jiaj (jl Q 

_%K 1 -V /'\1 ^Uaj] dll jl jSj (. 5 ^ 

^^ (.5^ if -j"''^ • U ^. 'T’J l)^-^ AajUaxj (j>J ^^1 ^ -"ll ^Uaj Q 

jj^ pAA‘'..'/'ll dljljlk '^1 oAA j-aJ t^aJalLa dli ^1 jdJl 

.IgjJ^^liljailj jiJaiLa]! IgX. jjJ 

Aalik<a dl*jjjij jjic. ^ 1^1 ^jIj ^ . d a 11 (JjLoij]l ^^1 ^ -"11 (jl O 

_ 0 <a^)±A]l A^j 4 . 5 ^ j'l** tLalt 

(j»jJaj Sl.^o'/' dl^yi 0^ % 1^1 ^ /'ll (_)]» 1 ,'rnl aI^j ^^1 ^ -"11 (j^ _'t*- ; o 

^A^ldj*^! Jajjji]! (_jjiaj plAA'u.'l .ijc, (_Jaijjj (J£ (_^ Aalii^ A^l_ga.aC- ^l^Lj ^^LJud 

e.ic.LuiAll (_^Ij^ 1 'LaJl^ -]h 

.ijc, l^Jl ^^j^^l (j<a 0 ^^)i<a]l (j£-aJ o^Lulxj (_^Ijj (, 5 -^ ^ C^ jiij (jl t ^ q 

; ;^1 

^^1 ^ ■" ^Uaj «.ljj AjS^ (. 5 ^ d^)*j]l .1^ Alilal (_5 jiaJi (jl 4-1^ Q 

(jC. jl I_ajl^l (jJ^jJa (jC. f.1 _jjai (j_Jj3^ ALjaij (_ 5 -^ ^ (_g (jl !•_ O 

•online support (jijjla 

jljail (^ ^ jjj demo disk tj^ t 5 o 

j _ '“'1 '-"11 (JjJaSl ^1 jS .1 


^liillj ^ jlii ^Id-al a -p 

tdlij 1 ^ jlt~- I_SjljLLa Ajjoil^ j1a*^ 1 (_5lc- Ij-ils OJ^ U^ ^ <> 1 1 (_3lc. !■ _ I'Nj Q 

.^Lkill abi 

p >A'u.'^H ' <4 • d A p ' /'. jl (Jj.i*j (_5lc- 1 j-ils (j_J^ (jl ‘- . O 

^l^jt j'■ ■';^ 11 t(j-aj]l ^ d'^j^JLall dljaili) ‘Idl^ ^jllill (_5lc. Ij-ils (jj^ (jl >■_ i->j O 

.(... d'^jadi u:}j-2=4'j^' ‘Histogram 
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General purpose Simulation packages .5 

4^j!i]l 4^lc. ^/'j 4^lc. 0^)^ o^jaill oi& (j^^jxiou i—a q 
^^LaJ \-ia^ ^j^liLa L_a_^jai ^A^JLolI 

jlijLui 4An^l c" il a. ^ 

[c'^l 3 ] Rokwell Automation (> Arena cr^ C5^j'^' ^ 

[c'^l 4 ] Imagine (> Extend cr^ ^^ 


t-»j■ ■'$.L1 j ^(J klaJjoiJ aj^ $.Ua£-lj Clll^)aa]l ^ L_a Q 

.(jjJijLoi]! ^l^iJLailj 


Arena 1.5 

jAj jj]l ^ic. olSLi.^ s /'A-^‘u.'/'\i (j>j Arena o 

• 1 A'-" ^'~''aj'l-i‘'\l ^^.IxJ 

. ^Lk^adl ^ 

_^llj'^l Jajti-^ ^ 

^LLall •/ 

Basic klajjaij (j^ jlAx.a'^l ^j-a ^.laj Arena 

'A Va» /' •" Aa^^ (A) ^ ol^ A ^ l i 

(>» j:jA (A^ modules jAl Xc- ^ a -^ a Arena ^i—allli 

; Igi^ s j&U jj tjfr Sjl^ j templates 

Jajl jA^J logic dllAaAl y/ 

^A^Jlubdl ^ ^ _ 'til -^‘'\1 dll^^lj ^ 

S.lC'LjaLdi (^L<a^^jal^)li y/^ 

dlU j'A^' ^ J (J 

.SQL J ‘Access ‘Excel <-&« ls <1^-^ cijlJa*-^ <A'-*-^ 


o 


o 
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jsJ U^J oisLill (_^^)]a j^jC- ol£Li-a]lj Q 

t^iLoJl J^ ^ U. jjoaJl ^jM (j-a J^ Afeiia C5^ J^J^ J O 

** e > ** e 

.^Lal^l 5ilj£ ^jjj 12 (j-* (.5^ Liajl (_5jiiJj 

(_^j Jajoijial] Aij (3-?^ LjLoi^j Lj£iLajjl ol^Li^l O 

j dlLaJL^^J (_3:j^)]a ^jc- JjJ-i_j-a (J£ ^ ^ 2‘^a\l 

_ l)^ 'Lk^LiJl 


3alc. ^_jij ^ U^J t^jjk-axj ^ ^Uaj f.Lij ■" (_]^j^ i_S_jjai O 

dl'^^l (jlj IAjI i—iSji ^llj^l Jak (ji (j^jiiij t<:aJlLa]l <*Jaa jLjlklj 

.3ia*JJ 

‘ArCIlci ^^3^ ^ ^ik-axj ^a^ Jaiak^l f.Lij (_]£j^l (j^ Q 

.C1j3j ^jm a >ii^k ^j ^liaJ Ujj till 


Generate Parts 


V 




Bood Parts Finished 
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^jj tjj^j lA <=■'Generate Parts Jjj-^ 3^' ^-lieLou o 

LB^ tAi^^ J ^^jLoU j ^_5Jali ^Lal^l 5jlj£ ^jjJ ^lij 1^1 JJOlC. 



jfr Jj>aJlj Machine Parte Create Module -M jj o 

(j^ ^Laii.1 ^ jjj a 1 l^j ‘Process ^ (J-al*j]l jl 

(Jjj^I aA (_)^ajLk^aij ^ .^1 A\1 oialj]! (_]£j^l (j^J ‘ALiS^ 0 75 J 0 65 
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^ ^ Jj Inspector Module J>dl o 

L>^ t JJ ‘Machine Parte J>dl 

lilA ‘Ck^LiJl oisUl (_J£jJu]l (j^ 0.8 J 0.75 
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^clLall ^j\£ lij La^ j'j^' Jj>aba]l jAj InSpCCtOr o 

oiaLill (J£j^l (j^ CllLaJlLa]! qm 90% (j^ ^1 



CjLaJiJl i_a^ jfr Jj>auJlj Good Part Finished Jj^-^(^j o 

_AjA^ ojj-i (_3-5j -i_ j*j3 <4 ^\1 . ^ 


0jlli]l JjAiJl (jy^ tAAjS^ 100000 itiLa oAaj ol^Li^l .Ijill tilli .laj ^aJJ .30 



Average 

Half Width 

Minimum 

Value 

Maximum 

Value 

Waiting Time 

3.0280 

0.247628038 

0.00 

94.4532 

Transfer Time 

0.00 

0.000000000 

0.00 

0.00 

Other Time 

0.00 

0.000000000 

0.00 

0.00 

Total Time 

4.6397 

0.248893749 

1.4001 

101.70 
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Extendsim 2.5 

pA-x'un/' j jj]l 4^lc. '/sKi -s. ^\\ i (j>j Extendsim j/'**' o 

^Ljaj -"‘'J (.5^^ Aja^L^I ‘- ^Cy^ 

(Jj.i*j ^.ikliauii] ;j£-ajj ViSUcll Basic C++ ^l.laJLailj liUij ^.ikiaLdlj Aj^Lk 

ojli]l (JjJ-i^_5-5 c- ti» . >i\l Ajf.1^ jl 

model (J-^(J^ (j^ ‘ J+^ (J^-^ Aj^li ^joij2 ^Uaj f.Uj A-aiu q 

^ (J^jj (jl du^j ‘models L>^ Ai«l£l« A£. ^ Ax^ujJ 

0^^ A^J^J 3+ 

J ji.^k\\ +i^' ^j-a ^j<a j^ Idaji Extcndslm C 5 ^ j3j+ o 

** .• . .«•*«**.. 

.^^Lal^l 34 U-« ' ‘-^3 (_5jlajj ‘AiLoJl 

Jajoijiai] Aij (JLi-a LjLat^j Lj^iLajji ol^Li^l ^_S+ O 

j dlLa_jLi-a]l (JLk^j ^jc- (JjJ-i_j-a (J£ A-ix^ ^ ^j>j_(_^ljai]l d‘^a\l Ain<a]l (_3^)ia]l 

(_]^ Ajk^LkJl 

‘Extendsim ^ 4akJ ^Uaj f.Uj J>. r-i'ik ^ I_a_^ O 

L_aSji ^llj'^1 tiA i.''n»>. tA.iJiLa]l AxJaS Aj^^ilx.a jLdklj (J-alc- ^ C+®_S 

(J l~»»'i'i dl'^^l ^jlj idl 

A^^^^ C5+^ ^Uj) JakJ JaLk^l f.Uj JSdll q 

: Extendsim 
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(^) <=■' ^j Create Parts -^ C 5 ^j'^' block <1:^1 o 

Jajoi jl-aJj ^tij 1^1 jjic. ^jJ (J.i*-a (jj^j 

^ \1 o.\^l ili (_]£j^) (j^ t c5_5^~^ 
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Combine Inputes Create Block iJ j'^' -Mjj o 

aLoiLoi tkalliill f. l>Vl u^j ts' 6- 

/oA^l J 

tlLLoi 0^Igia^j Machine Parts o 

0.7 J 0.65 pU'T'/' ^Lai^l ^ jjJ ^tij ^1 jjic. .i.ic. 4jj£Jl a.1^ ^.liJLaiJ 

0,1^ ' -Ck^LaJl oiaUll (J£jJu]l (j^ 
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^ ^ jl^l tjfc ^^J Inspector Module o 

j 0.75 ojj t j ‘Machine Parte 

M V'^\l \1 a^Ll]) (_]£j.l]) (j^ 0.8 



‘ [c^) 5 ] 


Application-oriented simulation .6 

packeges 

! l^-l<a ^)£Aj ^ ‘ A CllllniaJ A^A^^Lola]! j ^ ^3^^ (3^ lilLlA 3 1 

[c'-^l 6 ] (^3^1 ^.liCLou AutoMod ■ 


I^^Liajj 7 ] .^.;;j“''I-'K'.Ti 'AKI^ pAA'u.n OPNET ^Oaj ■ 
[^Ljajj 8 ] ol£Ax>l ^.ikiLaij MedModel ^Uaj ■ 
[c'^l 9 ] ol£U^ ^. ^Au . n Proof Animation ■ 
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[C^) 1 ] 

^^xlallLa A^l^l A^l^^jjixll ^l^Vl *1 

/o^.l*!La ^jjJ ‘kc-^jja AW^ ^l^Vl -2 

A£.LuiJ ^■%^*\,'illj _3 

AuLalLua-all (—iIa^VI A^li ^j-a jl (.“'.wll _4 

_A_iijaILu4All lIjIa^VI a^Iaj A^^^ 5 

.^liill jl^jj ^ ^1 jj .6 

\g^laill A_uj1 jaI A^^^ ^^1^ _7 
VI t. A^^^ ^^1^ _3 

[c^l 2 ] 

^jl^«allj AjtjJajj pA-x /'\1 Aj^jSjl ^IjAI (_^^)ia (_jc. A^^ ^Uaj ^Uaj ^1 ^Ljaj ^il!La (j^-aJ 

li» . >i\l ' /'\1 dlLix^l ^ LAsjI ,^Uaj]l Aja '' AJaj^ ^ U^J 'Al^1 ^ /'\1 

/'\1 dllij^l jM (j^ aASU ^‘'a‘'a /'\1 ^j^I 

[c^) 3 ] 

1^31^1 ^_j-a]l Demo A-ijoUj dlLa_jLi-a]l (j>j Ajj-a J^ '\1 li\\ (j^-aj 

http://www.arenasimulation.com 


IC^l 4 ] 

1^31^1 ^_j-a]l Demo a a .n ' ^ dlLa _jLi-a]l (j>j Ajj-a J ^ '\ 11 -iW (j^-aj 

http://www.extendsim.com 

IC^l 5 ] 

'SJ^ ^llllLoil (j^.aj '/s' ^1 -v /'H ^ ‘ (J^jA j_j.a 
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[c'^) 6 ] 

(j-a Demo 4 -s I.U 1 j LllLa_jLi-a]l (j-a ^j-a J1 

http://www.automedsvstems.com 

[C^) 7 ] 

j^jA Demo 4 -^>u 1J dlLa^jla.^]! ^j-a .ijj-a ^_3Jc- J1 cJLy]tji.aJ 

http://www.opnet.com/solutions 

[C^) 8 ] 

^Demo 4 -^,h '^ diLa-^3^ t 5 ^ ^ l ^'\i ti\\ ^j^-aj 

http://www.promodel.com/products/medmodel 

[C^) 9 ] 

:^l:i]l qa Demo 4-^>uij diLa^jla.^]! ^j-a .^^3^ t 5 ^ 3 cJLy]tji.aJ 

http://www.wolverinesoftware.com/ProofProducts.htm 
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